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INTRODUCTION 


A  vigorous  investigation  sharply  focused  on  the  isolation, 
characterization  and  structural  elucidation  of  new  and  potentially  useful 
antiviral  drugs  from  marine  animals  and  plants  has  been  implemented.  The 
program  allows  isolation  and  characterization  of  novel  antiviral  substance's 
from  confirmed  active  extracts  of  marine  organisms  and  both  higher  and  lower 
plants.  Maximum  effort  would  be  devoted  to  marine  animal  and  plant  species 
yielding  extracts  with  an  outstanding  confirmed  level  of  activity  in  the 
USAMRIID  antiviral  screening  systems.  As  each  problem  is  solved  (or  placed  in 
a  lower  priority  due  to  decreasing  or  lost  activity  during  fractionation 
guided  by  bioassay)  it  will  be  replaced  by  another  (of  high  priority).  Marine 
animals  and  plants  represent  an  exceedingly  productive  source  of  new  antiviral 
drugs  and  all  effort  will  continue  to  be  directed  at  making  such  new 
substances  available  to  the  U.  S,  Army  Medical  Research  Institute  of  Infectious 
Diseases. 


BODY 


To  begin  with,  please  refer  to  pages  6-20  of  the  original  proposal  (see 
Appendix  1).  That  summary  provides  the  background  and  direction  of  this 
research  program  directed  very  sharply  at  discovery  of  new  antiviral  drugs 
based  on  marine  animal  and  plant  constituents. 

To  summarize,  a  long  term  USAMRIID  research  program  directed  at  the 
isolation  and  structural  elucidation  of  new  and  potentially  useful  antiviral 
drugs  from  marine  animals  and  plants  is  in  progress.  The  financial  support 
provided  by  the  USAMRIID  program  will  continue  to  be  used  to  isolate  and 
characterize  new  antiviral  chemotherapeutic  drugs  from  confirmed  active 
extracts  of  marine  invertebrates  and  vertebrates  as  well  as  marine  and 
terrestrial  plants  including  fungi,  algae  and  other  microorganisms.  The 
research  is  sharply  directed  at  marine  animal  and  plant  species  yielding 
extracts  with  an  outstanding  level  of  antiviral  activity  in  the  USAMRIID's 
programs  (RNA  viruses). 

The  overall  results  and  status  to  date  are  as  follows.  The  grant  funds 
are  being  used  for  discovery  of  new  antiviral  drugs.  We  have  been  pursuing 
the  pancratistatin  family  of  antiviral  leads  as  a  top  priority.  The  research 
results  here  have  been  very  encouraging  and  pancratistatin,  isonarciclasine, 
cis-dihydronarciclasine  as  well  as  trans-dibydronarciclasine  have  proved  to  be 
quite  promising  Meanwhile  over  1700  naturally  occurring  specimens  are  now 
undergoing  preliminary  antiviral  evaluation  at  USAMRIID.  The  most  exciting 
overall  result  has  been  the  discovery  in  USAMRIID's  laboratories  that 
pancratistatin  will  cure  the  in  vivo  experimental  version  of  Japanese 
Encephalitis. 
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CONCLUSIONS 


The  discovery  that  pancratistatin  will  cure  USAMRIID's  in  vivo  Japanese 
Encephalitis  has  opened  the  way  to  a  new  generation  of  antiviral  drugs. 
Doubtlessly,  current  efforts  at  uncovering  new  naturally  occurring  antiviral 
drugs  will  lead  to  analogous  excellent  progress. 
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3.  Body  of  Proposal 
a.  Background 

The  IITLV  series  of  RNA  viruses  will  be  used  as  a  background  illustration 
of  the  latest  lethal  threat  to  ailitary  and  civilian  personnel  alike.  Such 
viral  diseases  are  now  greatly  intensifying  the  need  already  well  established 
for  new  RNA  antiviral  drugs  to  treat  the  hemorrhagic  fevers  (e.g.,  Bolivian, 
Korean  and  Lassa)  and  encephalitises  (e.g.,  Japanese  and  Venezuelan).  In  1980 
Gallo  and  colleagues  at  the  National  Cancer  Institute  isolated  from  male  and 
female  patients  (originating  from  Georgia  in  the  U.S.  and  the  Caribbean)  a 
virus  designated  HTLV-I  for  human  T-lympho tropic  virus  or  human  T  cell 
leukem  ia/ lymphoma  virus.*  And  this  represented  the  first  isolation  of  type-C 
retrovirus  particles  from  fresh  and  cultured  lymphocytes  from  a  patient  with  T 
cell  lymphoma.  Perhaps  IITLV-I  will  also  be  found  responsible  for  the 
elevated  mortality  of  lenkemia0  among  dairy  farmers  in  tho  U.S.  The 
important  discovery  of  HTLV-I  led  to  the  isolation  of  HTLV-II  and  IITLV-III  in 
1981,^  the  latter  being  responsible  for  acquired  immune  deficiency  syndrome 
(AIDS)  or  HIV. 

The  leukemia  viruses  (retroviruses)  of  humans,  cats  and  monkeys  all  nave 

6  7 

in  common  an  ability  to  infect  and  transform  T  cells.  *  As  jnst  noted  the 
general  term  of  this  family  of  human  T  lympho tropic  retroviruses  is  niLV  or 
human  T  cell  leukemia  (lymphotropic)  viruses.  The  group  includes  HTLV-I, 
-II  and  -III  which  make  up  a  family  of  exogenous  retroviruses  associated  with 
adult  T  cell  leukem  ia/ lymphoma  (AIL)  and  AIDS.  11TLV-I  has  been  found  widely 
distributed  on  a  world-wide  basis  and  has  been  shown  to  be  the  direct  cause  of 
AIL.  About  one  million  people  in  the  United  States  alone  are  infected  and 
about  one  in  a  hundred  will  develop  the  full  neoplastic  disease.  HTLV-II  has 
been  isolated  from  three  patients  with  a  T  cell  variant  of  hairy  cell  leukemia 
and  also  from  a  patient  with  AIDS.*'*®  The  QTLV-II  virus  has  also  been  found 
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been  isolated  from  three  patients  with  a  T  cell  variant  of  hairy  cell  leukemia 
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to  infoct  endothelial  cells  that  line  brain  capillaries.^ 

The  1ITLV-I  is  now  recognized  as  a  new  form  of  malignant  T  cell  lymphoma 
characterized  by  hepa tosplenomcgaly,  lympbadenopa thy,  skin  lesions 
(frequently)  and  rapidly  fatal  course.  The  seriousness  of  this  first 

human  type  C-retrovirus  is  that  IITLV-I  is  endemic  to  the  southeastern  United 
States  with  a  rate  similar  to  that  seen  in  Caribbean  blacks.  14.15  qj- 
Jamaicans  with  lymphoprol ifera tive  neoplasia  19  (34%)  were  found  to  have 
antibody  to  the  11TLV  virus  in  their  sera.  The  majority  (17)  of  those  patients 
testing  positive  carried  chronic  lymphocytic  leukemia  or  non-Ilodgk  in's 
lymphoma.  When  16  consecutive  patients  bearing  non-Ilod  gkin' s  lymphoma  were 
examined  serologically,  69%  were  IITLV  positive. ^  In  the  Kagoshima,  Miyazaki, 
Nagasaki,  and  Okinawa  prefectures  the  statistically  adjusted  rate  of  death 
from  adult  T  cell  1 eukem  ia/ lymphoma  is  much  higher  than  in  the  rest  of  Japan 
and  the  sera  of  most  patients  were  found  IITLV-I  positive.  A  study  of  these 
patients  and  their  migratory  history  suggested  that  the  virus  was  endemic 
among  Kyusu  natives.  Originally  the  IITLV-I  infection  was  thought  primarily 
limited  to  black  and  Japanese  populations.  Now  the  first  infoctious  cluster 
has  been  located  in  a  Caucasian  population  in  Italy,  ’  Add  to  this  the 
demonstration  that  IITLV-I  is  transmitted  by  blood  transfusion  and  that  the 
se roconve r ted  recipients  can  then  provide  natural  transmission  (female  5 
male,  mother-*  child)  giving  rise  to  new  HILV-I  infections  leading  to  adult  T 
cell  leukem  ia/ lymphoma.  '  ine  mode  of  action  of  the  IITLV  viruses  on  human 
T  cells  is  really  striking.  The  HILV-I  routinely  transforms  T  cells  while  the 
related  IITLV-III  kills  T  cells.22 

The  niLV-III  also  known  as  IITLV- 1 1 1  /  LAV  (for  lymphodenopa  thy-as  soc  ia  ted 
virus)  and  niV  (for  human  immunodeficiency  virus)  has  been  isolated  and 
characterized  from  over  95  patients  (90%  detection  rate)  with  AIDS.  Glimpses 
of  related  retroviruses  are  now  beginning  to  appear.  A  retrovirus  related  tc 
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HTLV-III  was  detected  in  patients  with  hypogam mag  1  obul  ina  em  i a  (impaired 
immunog  1  obul ' production)."  The  French  group  of  Montagnier  has 
reported  me  isolation  of  a  human  retrovirus  named  LAV-II  from  two  West 
African  AIDS  patients. The  virus  was  found  distinct  from  HTLV-III/ LAV. 
Where  LAV  is  their  equivalent  of  UTLV-III.  At  the  1986  American  College  of 
Hematology  meeting  Kiefer  reported  that  a  retrovirus  designated  B-ccll 
leukemia-associated  virus  (DLAV)  has  been  found  in  patients  with  H-cell 
chronic  lymphocytic  leukemia.  Also  in  this  area  Gallo  and  colleagues  J,,£0 
have  now  reported  the  isolation  of  a  new  double-stranded  DNA  Herpesvirus  from 
the  white  blood  cells  of  six  patients  (with  lymphomas  or  other  immune  system 
disorders)  designated  human  B-cell  lympho  troph  ic  virus  (11BLV).  The  newly 
characterized  virus  infects  and  eventually  kills  human  B  cells  (_in  v  i  tro). 

AIDS  is  already  well  established  in  Africa  and  has  spread  extensively  in 

27 

the  general  male  and  female  population.  As  of  June  1986  the  World  Health 
28 

Organization  estimated  that  some  50,000  Africans  may  already  be  ill  with 
AIDS  and  that  more  than  6%  of  the  population  of  Africa  is  infected  with  the 
AIDS  virus.  ’  So  far  the  reported  cases  of  AIDS  in  Africa  correspond  to 

80%  from  Central  and  East  Africa,  6%  from  Southern  Africa  and  14%  from  other 
areas.  Although  somewhat  uneven  in  distribution,  AIDS  seems  to  have  spread 
almost  everywhere  on  the  African  continent.  Some  conception  of  the 

extent  can  be  ascertained  from  prostitutes  who  present  at  clinics  for  treat¬ 
ment.  Of  these  88%  in  Rwanda,  59%  in  Kenya^*  and  27%  in  Zaire  carry  the  AIDS 
virus  antibodies.  In  the  capital  of  Rwanda  18%  of  the  city  population  tested 
positive  for  the  AIDS  virus  but  only  3%  in  rural  areas.  The  epidemiology  of 

AIDS  in  Africa  has  been  studied  by  Biggar  of  the  U.S.  NCI  who  has  concluded 

3  2 

that  AIDS  is  presently  an  epidemic  spreading  in  tropical  Africa.  Several 
hundred  thousand  Africans  are  already  believed  to  havo  died  from  AIDS  and  some 
five  million  may  now  carry  the  virus. 
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In  general  AIDS  seems  to  have  emerged  as  a  problem  in  Africn  over  the  past 

10  years.  The  a:tual  origin  in  Africa  was  probably  a  great  deal  earlier  (to 
3  3 

1959).  Serological  examination  of  specimens  from  African  green  monkeys  in 
the  Onited  States  where  the  samples  were  taken  more  than  two  decades  ago 
proved  positive  for  antibodies  against  IITLV-III.  The  same  source  has  been 
found  for  HTLV-I.^  Other  evidence  pointing  to  this  endemic  source  has  come 

from  the  capture  of  green  monkeys  recently  in  several  parts  of  Africa  that 

35 

also  proved  se ro-po s i tive. 

Heterosexual  contact  possibly  enhanced  by  co-factors  from  venereal 

3  2 

diseases  appears  to  be  the  prime  mode  of  HILV-III  transmission  in  Africa. 

Indeed,  HILV-III  was  recently  isolated  in  the  U.S.  from  the  cervical 

secretions  of  14  women  found  seropositive  for  this  virus.  And  AIDS- 

associated  retrovirus  (ARV)  was  isolated  in  1986  from  vagir.al  and/or  cervical 

3  7 

secretions  from  four  of  eight  women  seropositive  for  this  virus. 

Furthermore  IITLV-III  has  been  isolated  from  the  saliva  of  four  ARC  patients 

and  observed  by  electron  microscopy  in  a  saliva  preparation  from  one  AIDS 

38  22 

patient.  And  the  virus  has  also  been  recovered  from  seminal  fluid  and 

39 

tears,0' 

In  May  1986  the  U.S.  Center  for  Disease  Control  estimated  that 
some  100,000  (clinical  estimates  were  200,000)  patients  were  suffering  from  the 
ARV  retrovir  scs.^  In  addition  to  the  some  25%  (to  75%)^  of  the 
approximate  1.5  to  2  million  people  in  the  U.S.  now  infected  with  fatal  AIDS 
another  some  25%  will  progress  to  one  of  the  ARC  diseases.  In  the  United 
States  AIDS  is  about  doubling  each  year  with  as  just  noted  1. 5-2.0  million 

A 

people  now  believed  to  bo  infected  and  infectious.  .  Presently,  it  is 
generally  agreed  that  a  person  producing  antibodies  to  the  AIDS  virus  has  been 
infected  and  is  probably  infectious  and  20-30%  (to  75%)^^  will  develop  the 
full  (and  lethal)  disease.  Indeed  most  people  mey  be  more  infectious  during 
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early  stages.  Apparently  when  the  viral  gones  are  integrated  into  the  cells 
own  DNA  they  can  remain  dormant  for  indefinite  periods.  But  the  disease 
progresses  when  the  viral  genes  are  activated  and  new  virus  particles  are 
formed  which  then  infect  fresh  T-4  cells. When  the  body's  T-4  cells 
are  seriously  depleted  thereby  the  immune  system  collapses  and  the  victim 
appears  with  AIDS. 

The  transmission  of  AIDS  from  Central  Africa^  to  ilaiti  and  now  on 
essentially  a  world-wide  basis  suggests  that  a  staggering  world-wide  death 
rate  from  this  disease  will  ensue  unless  we  find  drugs  to  control  and/or  cure 
this  viral  disease.  Indeed  antibodies  to  the  human  T  cell  leukemia  IIH.V-III 
virus  have  been  found  among  aboriginal  Amazonian  Indians  in  Venezuela^  and 
even  the  new  "slim  disease"  detected  in  Uganda  in  1986  seems  associated  with 

A  O 

niLV-III  infections.  Very  importantly  a  recent  study  at  the  Walter  Reed 
Army  Medical  Center  has  provided  epidem icolog ic  evidence  that  AIDS  occurs  by 

both  male  to  female  and  female  to  male  transmission  (bidirectional 
4  9 

heterosexual).  The  risk  of  casual  contact  is  also  real.  In  a  recent  study 
of  household  contacts  with  AIDS  patients  and  controls  in  Kinshasa,  Zaire 
9.8%(20)  of  204  case-household  members  compared  to  1.9%(3)  of  155  control- 
household  members  were  UTLV-III  seropositive.  Of  18  spouses  of  patients  with 
AIDS  61.1%(11)  compared  to  3.7%(1)  of  27  control  spouses  were  HTLV-III 
seroposi  tivel^®  Ever  mure  ominous  was  a  report  by  Chermann^  of  the  Pasteur 
Institute  at  the  14th  International  Cancer  Congress  (1986)  that  Central 
African  insects  such  as  mosquitoes,  cockroaches,  bed  bugs,  ticks  and  tse-tse 
flies  are  contaminated  with  HTLV-IIII  In  short,  the  stage  is  now  set  for 
rapid  transmission  of  AIDS  in  the  United  States  and  world-wide.  Unless 
resources  are  quickly  provided  for  the  discovery  of  drugs  that  will  cure 
and/or  control  AIDS  phenomenal  death  rates  and  economic  losses  will  rapidly 
ensue. 
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Since  AIDS  is  a  pandemic  immunosuppressive  disease,  infections  with 
opportunistic  organisms  and  certain  neoplastic  diseases,  particularly  Kaposi’s 
sarcoma  and  lymphomas  lead  to  death  generally  accompanied  by  dementia, 
diarrhea,  fever,  generalized  lymphadenopa thy,  neuropathy,  oral  candidiasis  and 
weight  loss.5^  Prospects  for  a  vaccine55'5-*  are  not  especially  promising 
as  there  is  extensive  heterogeneity  among  various  HTLV-III  isolates,  parti¬ 
cularly  in  the  env  gene.'*’’  One  hope  in  this  direction  is  the  recent  news 
announcement  that  a  major  protein  code  of  the  H1LV-III  virus,  namely,  gP120 
has  been  synthesized  by  splicing  its  viral  gene  into  hampster  cells  for 
production  of  the  protein.  A  gene-spliced  protein  product  might  provide  a 
useful  vaccine  and  eliminate  the  need  to  use  potentially  dangerous  natural 

virus.  But  if  the  1I1LV  retroviruses  rapidly  change  their  coding  such  vaccines 

3 

would  be  of  little  long  term  use.  Furthermore,  very  serious  questions 
ranging  from  possible  future  (10-15  years  later)  cancer  onset  and/or 
revitalization  of  the  virus  from  UTLV-III  and  -IV  based  vaccines  to  ethical 
and  moral  cons  idera t ions  have  been  raised. 

All  of  the  niLV  viruses  so  far  isolated  and  in  sub-groups  from  HTLV-I, 
-II,  -III  have  a  magnesium  II  dependent  reverse  transcriptase  and  are  T  cell 
tropic.®  The  I-III  series  and  bovine  leukemia  virus  (BLV)5**  all  differ  from 
other  retroviruses  by  a  marked  increase  in  the  rate  of  transcription  in 
infected  as  compared  to  uninfected  cells.  A  complete  nucleotide  sequence  has 

C  *7 

recently  been  proposed  for  the  UlLV-III  virus.  Almost  simultaneously  the 
French  version  of  HTLV-III  designated  the  LAV  causative  agent  of  AIDS  was 
shown  to  have  a  9193-nucleotide  sequence  representing  the  complete  viral 
nucleotide  unit.58  Indeed,  the  UTLV-III  and  LAV  nucleotide  sequences  differ 
overall  by  only  1%.5®  One  group  believes  the  HTLV-III,  AIDS-associated 
retrovirus  (ARV)  and  LAV  represent  different  isolets  of  the  same  virus  and 
there  is  only  one  AIDS  retrovirus.5®  Thus,  our  group  and  others**0  believe 


* 
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that  a  vigorous  and  well  organized  approach  to  the  discovery  and  development 
of  AIDS  antiviral  drugs  will  be  quite  successful. 

The  need  for  very  effective  new  antiviral  drugs  becomes  even  clearer  when 
considering  that  studies  at  the  National  Cancer  Institute  havo  led  to 
isolation  of  HTLV-III  from  the  cerebrospinal  fluid  of  some  AIDS  patients. 

Gallo  and  Popov ic  have  announced  that  the  AIDS  virus  is  also  believed  to 
infect  the  monocyte/macrophage  cells  that  reside  in  the  brain  and  lung.  These 
cells  appear  to  form  the  reservoir  for  the  IIILV-III  virus  in  the  brain  that 
enables  spread  throughout  the  body.  Unlike  the  T  cells  that  are  eventually 
destroyed  by  the  virus  the  monocyte/macrophage  cells  just  keep  on  producing 
the  virus  and  give  rise  to  the  psychoses  and  other  AIDS-linked  neurological 
problems.  The  UTLV-III  virus  has  also  been  found  by  Wiley  to  infect 
endothelial  cells  that  line  brain  capillaries.*1  Preliminary  medical  evidence 
does  indicate  infection  of  the  central  nervous  system  and  this  is  illustrated 
by  some  patients  presenting  with  meningitis,  cortical  atrophy,  Guil  la  in-Barre 
syndrome  and  motor  problems  in  some  patients  not  having  the  full  blown  AIDS 
symptoms.  Other  manifestations  of  the  AIDS  problem  include  recent  evidence  of 
patients  with  the  AIDS  virus  carrying  a  bizarre  form  of  Burkitt’s  lymphoma, 
Tlodgkin's  disease  and  some  with  squamous  cell  carcinoma  of  the  head  nnd 

ATI  rO 

neck.  *  The  virtuosity  of  these  retroviruses  in  destroying  people  is 

further  evidenced  by  the  recent  indication  of  an  I1TLV-I  rclativo  being 

6  3 

implicated  in  multiple  sclerosis. 

As  of  May  4,  1987  AIDS  had  affected  35,219  Americans  of  whom  20,352  are 
already  dead.  By  November  24,  1986  there  were  28,169  diagnosed  cases  of  AIDS 
with  15,818  already  fatal.*1  The  U.S.  Public  Health  Service  has  now  projected 
that  in  5  years  (1991)  the  number  of  Americans  afflicted  with  AIDS  would  rise 
to  270,000  with  179,000  comprising  the  death  toll  to  that  period.  Another 
74,000  AIDS  cases  would  be  addod  to  the  total  of  1991  itself  and  correspond  to 
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about  three  times  the  incidence  of  new  cases  of  polio  in  the  peak  year  (22,000 
cases)  of  1952.  If  current  predictions  by  a  German  group  prove  correct  that 
75%  of  people  infected  with  IFILV-III  will  progress  to  the  fatal  disease  in 
seven  years  instead  of  the  presently  believed  20-30%  the  mortality  rate 
will  increase  dramatically.^  Currently  some  73%  of  the  first  10,000  cases  of 
AIDS  in  the  U.S.  has  resulted  in  a  1.4  billion  expenditure  for  medical  care 
and  an  economic  loss  of  over  4.8  billion.*^ 

Presently,  only  a  very  small  number  of  clinically  active  antiviral  drugs 
are  available  and  they  include  5-iodo-2'-deoxyur idine  (Idoxur idine,  IDU)^ 
synthesized  in  1959  and  now  being  replaced  by  9-p-D-arab inofuranosyladenine 
(Vidarabine,  ara  A),^^  5- tr  if luorome  thy  l-2'-de oxyur  idine  (F3TdR),  9— ( 2— 
hydroxye  thoxyme  thyl) guanine  (Acyclovir,  ACV),  (E)-5-(2-bromov  inyl  ( —  2 *  — 
deoxyur idine  (BVDU)  being  discontinued  due  to  carcinogenicity,  2’-fluoro-5- 
iodo-arab inof uranosylcyto  sine  (FIAC),^^  1-p-D-r ibof ur ano syl-1 ,2,4  -  t r i azole-3- 
carboxamide  (Ribavirin  or  Virazole),  1-adaman tanam ine  hydrochloride 
(Amantadine)  and  trisodium  phosphonofor ma te  (Foscarnet  or  PFA).^8'^  Except 
for  the  latter  two  substances  these  leads  arose  from  the  original  marine 
sponge  constituents  p-D-arabinosyl  nucleosides,  spongour id ine  and  spongo- 
thymidine.  A  majority  of  present  efforts  to  discover  new  antiviral  drugs  is 
being  focused  on  further  synthetic  modifications  of  the  pyrimidine  and  purine 
heterocyclic  systems.  ''  '  Presently,  two  of  the  more  promising  antiviral 

drug  possibilities  are  Ribovirin  discovered  by  Robins  at  ICN  and  3’-azido- 
thymidine  (AZT)^'^  discovered  by  Prusoff  and  Lin  at  Yale  Univ.**8 

7  £  77 

The  an  t  i  tryponosomal  naphthalene  sulfonate  Suramin,  D-pe  nic  il  1  am  ine, 

Evans  Blue^8,  ATA^8  and  pho  sphonof  orma  te**8’^  (has  potent  side  effects 

including  kidney  failure)  have  been  found  to  inhibit  HILV-III  replication  in 

v i tro.  A  clinical  trial  of  Suramin  produced  serious  side  effects  (and  did  not 

% 

penetrate  the  CNS),  no  evidence  of  clinical  improvement,  and  has  been  dis- 
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continued.  A  clinical  trial  of  D-pe nic il lum  ine  (used  to  troat  rheumatoid 

arthritis  and  Wilsons  disease)  showed  suppression  of  [ITLV-III  but  it  also 

depressed  the  T  cell  levels.  So  far  AZT  (first  drug  to  prolong  the  life  of 

AIDS  pa  tients),^®'8^  2' ,  3 '-d  ide  oxycy  t  id ine, and  2',3'dideoxy-adenosinc8i 

7  8 

appear  to  be  the  most  potent  and  selective  inhibitors  of  HTLV-III. 

Other  substances  or  mixtures  with  reverse  transcriptase  (j_n  vjjtro)  or 
other  types  of  activity  include:  AL  721,  a  lipid  mixture  (a  7:2:1  ratio  of 
neutral  glycerides),  phosphatidylcholine  and  phosphatidyle  thanolt.Ti  iue, 

ampligen  (a  mismatched  double-stranded  RNA  polynucleotide-induces  release  of 

81 

interferon  without  side  effects  of  injected  interferons),  ansamycin, 
rifabutin  (a  rifumycin  type  antibiotic)  useful  against  AIDS  patients  infected 
with  Mycobacterium  avium-intracellulare,  (Mycobacterium  tuberculosis  also 
occurs  at  about  the  same  rate  in  AIDS  patients),  azimexon  (an  aziridinyl 
immune  modulator,  some  improvement  in  ARC  patients  but  not  with  AIDS), 
cyclosporin  A  (inhibits  T4  lymphocyte-dependent  immune  responses-con trove rsial 
AIDS  therapy  in  France),  IIPA-23  [ammonium  21-tungsto-9-antimoniate, 

(NU4)  is  (N“^2 1^9^86^  17 '  controversial  treatment  used  in  Paris  on  actor  Rock 
Hudson],  imreg-1  (a  proprietory  immune  modulator  derived  from  white  blood 
cells  that  is  claimed  to  stimulate  production  of  y-interferon  and  inter- 
leukin-2),  inosine  pranobex  (3:1  dime  thylam  inoisopropanol :  inosina  te  j>- 
ace tam idobenzoic  acid  salt  an  antiviral  and  immune  modulator  of  some  use  for 

ARC  patients),  and  interferon  alpha-2a  (found  to  induce  tumor  regressions  in 

83 

38%  of  patients  with  Kaposi's  sarcoma), 
b.  Ilvpothe  sis 

In  general  the  need  for  antiviral  drugs  is  going  to  rapidly  increase. 

Due  to  quick  air  and  sea  travel  and  transport  lethal  viral  diseases  are  no 
longer  confined  to  local  populations  in  remote  areas  of  the  world.  At  the 
same  time  human  populations  are  growing  explosively  in  the  more  prime tive 
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countries  with  attendant  overcrowding,  malnutrition,  and  essontially  non¬ 
existent  sanitation  facilities,  encouraging  the  spread  of  viral  diseases.  And 
these  problems  are  not  confined  to  the  lliird-World  countries.  Just  consider, 
the  coastal  waters  of  the  United  States  are  contaminated  each  day  with  f  ive 
bill  ion  gallons  of  municipal  sewage.  A  major  portion  of  pathogenic  viruses 
are  associated  with  sewage  solids  and  therefore  not  destroyed  by  chlorine 
treatment  methods.  At  least  120  human  enteric  virus  pathogens  (e.g., 
hepatitis  A,  polioviruses,  parvoviruses,  adenoviruses,  reoviruses)  have  been 
identified  in  such  sewage  disposed  of  on  land  or  at  sea.  The  latter  viruses 
accumulate  in  bottom  sediments  along  with  the  overlying  sea  water  and  enter 

Q  4 

the  food  chain  or  if  on  land  the  water  tables. 

Unfortunately,  past  development  and  discovery  of  new  antiviral  drugs  was 

plagued  with  the  same  general  pessimism  that  originally  surrounded  the 

prospects  for  uncovering  curative  anticancer  drugs.  In  the  caso  of  viruses  it 

was  felt  that  an  effective  antiviral  drug  would  have  to  penetrate  the  cell  and 

disrupt  viral  replication  without  affecting  the  cell's  normal  functions.  That 
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was  felt  to  be  quite  unlikely  and  that  such  agents  would  be  toxic.  On  the 
other  hand  the  extracellular  replication  of  bacteria  in  body  fluids  was 
considered  readily  accessible  to  drug  treatment.  Fortunately  present  use  of 
ARA-A  for  the  systemic  therapy  of  disseminated  herpes  simplex  and  zoster  and 

Q/r 

for  herpes  simplex  encephalitis00  has  dispelled  such  pessimistic  notions  and 
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the  race  for  improved  and  broad  spectrum  antiviral  drugs  is  underway.  ’ 

Already,  we  have  very  strong  evidence  that  certain  marine  animals  and 
plants  contain  a  great  variety  of  new  types  of  antiviral  substances  that 
should  provide  very  useful  drugs  against  the  RNA  viruses.  Illustrations  of 
this  point  appear  in  recent  reference  books0  ’  prepared  by  this  writer  which 
contain  a  synopsis  of  new  antiviral,  antineoplastic  and  cell  growth  inhibitory 
substances  isolated  from  various  plants  and  marine  animals.  Terrestrial 


plants  are  already  a  well  established  source  of  new  antiviral  subs  tance s^1_®“* 

and  marine  animals  are  even  more  promising.  There  is  great  assurance 

that  a  variety  of  structurally  diverse  and  useful  antiviral  drugs  will  be 

discovered  and  that  such  new  substances  will  prove  useful  in  concert  against 

the  QTLV  viruses  and  other  human  pathogenic  viruses.  Such  combination  drug 

therapy  should  eliminate  patterns  of  drug  resistance  that  are  already  being 

go  g  g 

observed  with  herpes  simplex  patients  treated  with  acyclovir.  By  this 

means  heretofore  lethal  viral  diseases  can  be  brought  under  control. 

From  the  broader  perspective  one  can  only  guess  about  the  implication  of 

as  yet  unknown  viruses  in  the  etiology  of  human  diseases  of  unknown  origin. 

For  example,  parvovirus  infection  has  been  found  in  a  series  of  patients 

presenting  with  the  clinical  features  of  arthritis  and  the  possibility  exists 

that  a  human  parvovirus  could  be  the  etiological  source  in  some  cases  of 

rheumatoid  arthritis.100  Doubtlessly  the  vast  reservoir  of  potentially  useful 

anticancer-antiviral  drugs  waiting  to  be  discovered  in  animal101  and  plant 

species101'10^-10*’  will  eventually  lead  to  the  control  and  cure  of  human  viral 

diseases.  At  the  same  time  discovery  of  such  new  drugs  will  allow  an 

108  1 09 

increase  in  knowledge  of  how  to  attack  '  human  viruses  and  allow  where 
needed  synthetic  modifications  to  improve  efficacy, 
c.  Objectives 

Since  1957  our  research  group  has  been  completely  dedicated  to  discovery 
and  development  of  potentially  useful  anticancer  drugs  and  in  recent  years  the 
program  has  been  expanded  to  include  discovery  of  drugs  effective  against 
human  cancer  causing  viruses.  For  example,  recently  we  isolated  a  series  of 
potentially  useful  antineoplastic  and  antiviral  (unpublished)  substances  from 
plants  indigenous  to  India,  Africa,  Brazil  and  the  Caribbean.  Structures  have 
now  been  assigned  to  some  of  these  active  compounds.  And  a  new  series  of 
structure  problems  will  be  undertaken  as  a  very  important  part  of  the  U.S. 


Army  Medical  Research  Institute  of  Infectious  Diseases  (USAMRIID)  program. 

The  very  promising  antineoplastic  and  antiviral  effects  exhibited  by  some  of 
these  new  compounds  and  their  presumably  novel  structures  (unknown)  gives 
every  indication  of  additional  candidates  for  eventual  clinical  trial.  The 
recent  isolation  and  structural  elucidation  of  phyllanthos tatins  1-3  and 
phyl lan tho s ide  (herpes  1  and  2  antiviral  activity  comparable  to  Acyclovir — 
unpublished  and  confidential  results)  provides  a  useful  illustration  of  our 
ability  to  successfully  complete  such  very  important  and  challenging  research 
problems. HO-112  Solution  of  the  problem  included  the  scale-up  processing  of 
over  one  quarter  ton  of  root  wood,  and  expertise  ranging  from  scale-up 
development,  bioassay  (P-388  _in  v  i  tro  and  _in  v  ivo) .  bioactive  isolation 
(bioorganic  chemistry),  organic  chemical  degradation,  biochemical  transform¬ 
ation  (enzymatic),  carbohydrate  chemistry,  to  structural  elucidation  involving 
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techniques  from  high  resolution  mass  spectrometry  to  400  MHz  11-NMR,  C-NMR 
and  x-ray  crystal  structure  determination. 

Another  such  recent  example  in  the  higher  plant  area  involves  our 
113 

discovery  of  pancra tis tatin  which  has  exhibited  a  curative  level  of 
activity  against  the  NCI  murine  M5078  ovary  sarcoma,  passed  the  NCI  Decision 
Network  DN2  and  has  shown  strong  preliminary  activity  against  the 
bunyaviruses.  Presently  pancra t is ta t in  is  being  developed  for  eventual 
clinical  trial.  Meanwhile  the  new  substance  combr e tas ta tin^ ^  that  we 
isolated  from  an  African  Combre  turn  caff rum  tree  using  the  National  Cancer 
Institute's  astrocytoma  brain  tumor  model  to  guide  the  direction  of  separation 
has  subsequently  been  found  in  the  USAMRIID  program  to  have  potent  jji  vitro 
activity  against  certain  RNA  viruses  (unpublished  results).  As  part  of 
pursuing  the  combre tas ta t in  lead  to  new  antiviral  and  antineoplastic  drug 


and  this  has  just  resulted  In  the  discovery  of  a  constituent  we've  designated 
combre tas ta t in  A-4  that  displays  remarkable  antitubulin  and  cell  growth 
inhibitory  properties.  A  summary  of  the  as  yet  unpublished  combretas tatin  A-4 
discovery  and  structural  determination  follows  in  3e  (Methodology  Section)  as 
an  illustration  of  our  ability  to  discover  completely  new  types  of  antiviral 
drugs.  Particularly  significant  here  is  the  fact  that  tubulin  has  been  found 
to  be  a  co-factor  necessary  for  RNA  synthesis  by  two  different  classes  of 
negative  strand  viruses,  namely,  the  Sendai  virus  and  vesicular  stomatitus 
virus.  Apparently  tubulin  plays  a  primary  role  in  the  initiation  of 
transcription  at  the  3'-end  of  the  virus  genome. 

In  addition  to  assisting  the  (USAMRIID)  in  further  development  of  these 
leads  support  will  be  used  specifically  for  the  isolation,  characterization, 
structural  determination  and  where  appropriate  total  synthesis  of  potentially 
useful  antiviral  chemotherapeutic  substances  from  new  confirmed  active 
extracts  of  marine  animals  (invertebrates  and  vertebrates)  and  plants.  Major 
emphasis  and  financial  resources  would  be  placed  upon  those  marine  animal  and 
plant  species  yielding  extracts  with  very  high  and  reproducible  antiviral 
activity.  By  way  of  illustration  marine  animal  species  that  would  first 
receive  top  priority  study  are  those  we  have  recently  uncovered  in  the 
antiviral  (RNA-types)  screening  laboratories  of  the  USAMRIID.  Each  is  now 
listed  along  with  the  National  Cancer  Institute’s  assignment  number  with 
antiviral  in  v itro  test  system  aua  %  inhibition:  B  721158,  99%,  YFV? 

B  721160.  94%,  VEE;  B  721166,  99%,  YFV:  B  721554.  99%,  Y FV ,*  B  721557  ,  97%, 
VEEJ  B  721559.  98%.  YFVJ  B  721562.  97%,  YFV;  and  B  721568,  97%.  YFV.  As  each 
one  of  these  challenging  research  problems  is  solved  it  will  be  immediately 
replaced  by  another  of  comparable  importance  from  our  current  pool  of  nearly 
20,000  marine  animal  and  plant  species  extracts  that  we  are  now  beginning  to 
evaluate  for  antiviral  activity. 


Each  of  the  marine  animal  species  giving  confirmed  active  antiviral 
extracts  was  uncovered  in  these  laboratories.  Discovery  of  new  marine 
organism  lower  plant  and  higher  plant  species  bearing  potentially  important 
antiviral  constituents  will  also  be  continued  during  the  contract  period.  The 
marine  animal  species  listed  above  have  received  no  prior  chemical  study 
except  in  our  laboratory.  Also  all  taxonomic  studies  are  completed  in 
collaboration  with  marine  zoologists  of  the  Smithsonian  Oceanographic  Sorting 
Center.  University  of  Cape  Town,  the  French  museum  (Paris),  and  various 
university  specialists  in  our  country  and  abroad. 

To  summarize  a  long  term  USAMRIID  research  program  directed  at  the 
isolation  and  structural  elucidation  of  new  and  potentially  useful  antiviral 
drugs  from  marine  animals  and  plants  will  be  undertaken.  The  financial 
support  provided  by  the  USAMRIID  program  would  be  used  to  isolate  and 
characterize  such  new  viral  chemotherapeutic  drugs  from  confirmed  active 
extracts  of  marine  invertebrates  and  vertebrates  as  well  as  marine  and 
terrestrial  plants  including  fungi,  algae  and  other  microorganisms.  The 
research  would  be  sharply  focused  upon  marine  animal  and  plant  species 
yielding  extracts  with  an  outstanding  level  of  antiviral  activity  in  the 
USAMKIID's  programs  (RNA  viruses).  In  addition,  antiparasite  evaluations  will 
be  conducted  by  the  Walter  Reed  Medical  Research  Institute.  Only  those  species 
that  give  maximum  promise  of  yielding  new  drugs  with  real  clinical  potential 
will  be  pursued  as  part  of  this  USAMRIID  research. 

Because  of  30  years  spent  providing  the  foundation  for  this  antiviral 
drug  discovery  research  a  good  number  of  exceedingly  promising  animal  and 
plant  species  have  already  been  uncovered  as  noted  above  and  will  be  used 
along  with  newly  discovered  leads  to  maintain  a  very  productive  output  of 
potentially  useful  antiviral  substances  of  unique  structure.  Needless  to  say, 
the  research  proposed  here  would  be  of  great  assistance  to  the  USAMRIID,  the 


National  Institutes  of  Allorgy  and  Infectious  Diseases  and  the  National  Cancer 
Institute  in  selecting  new  antiviral  and/or  anticancer  drug  candidates  and 
rapidly  pushing  their  development  to  clinical  trial. 

d.  Mil itarv  Sienif icance 

As  noted  in  the  Background  Section  (a.)  lethal  human  RNA  viruses  such  as 
HIV(AIDS)  pose  a  great  and  rapidly  expanding  threat  to  our  military  personnel. 
That  threat  is  now  added  to  the  well-known  lethal  encephalitises,  hemorrhagic 
fevers  and  a  host  of  viral  diseases  of  unknown  etiology. 

e .  Me  thodoloev 

Over  the  past  thirty  years  the  principle  investigator's  research  program 
has  been  focused  on  discovery  of  anticancer  (and  in  the  past  decade  antiviral) 
drugs.  These  investigations  have  centered  around  total  synthetic  approaches 
to  cytotoxic  and/or  antineoplastic  natural  products  such  as  the  amphibian 
venom  bufadienol ide  constituents,  the  plant  and  animal  cardenolides,  and,  for 
example,  lapachol.  Related  efforts  have  been  concerned  with  modification  of 
natural  products,  such  as  antineoplastic  antibiotics,  podophy  1  lo tox in, 
emetine-type  alkaloids,  quinones,  peptides,  nucleotides,  and  tetracyclic 
triterpenes,  and  with  developing  new  synthetic  approaches  to  substances 
generally  known  to  exhibit  anticancer  activity  (for  example,  various  quinone 
systems).  Simultaneously  we  have  been  investigating  (by  isolation/structural 
studies)  natural  products  from  plants,  marine  organisms,  and  arthropods  of 
potential  use  in  cancer  chemotherapy.  These  studies,  combined  with  related 
investigations  in  the  fields  of  general  organic  synthesis,  bio-organic 
chemistry,  biochemistry  and  structural  studies  encompassing  a  broad  area,  has 
led  this  investigator  to  prepare  over  330  original  manuscripts  for 
publication.  The  principal  investigator  has  also  prepared  five  books 
concerned  with  plant  and  animal  products  for  cancer  chemotherapy  and  seven 
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ISOLATION  AND  STRUCTURE  OF  CYTOSTATIC  STEROIDAL  SAPONINS  FROM  THE  AFRICAN 
MEDICINAL  PLANT,  BALANITES  AECYPTIACA1 

Cforju  R.  PETTIT, ld  Atsushi  NUMATA,lb  Chika  TAKAHASH I , 1 b  Tamie  MIYAMOTO, lb 
Dennis  L.  DOUUEK,la  Ryoko  FUJIKIlb  and  Delbert  L.  HERALD, la 
Cancer  Research  Institute  and  Department  of  Chemistry''* 

Arizona  State  University,  Tempe ,  AZ  85287-1604 
U.  S.  A.,  and  Osaka  University  of  Pharmaceutical  Sciences"* 

2-10-65  Kawa i ,  Matsubara,  Osaka  580,  Japan 

B  ioact  ivi  ty-gui  Jed  separation  of  a  CH^C^-MeOH  extract  of  Balanites  aegypt  iaca  Del 
afforded  four  new  cytostatic  saponins  named  balanitin-4  (l),  -5  (II),  -6  (III)  and  -7  (IV). 

On  the  basis  of  enzymatic  hydrolyses  results  and  glycosidat ion  NMR  chemical  shifts  employing 
the  peracetates,  structures  I  -  IV  were  established  as  yamogenin  3 8  -0-  8  D- 
glucopyranosyl-(l->  3)  -  6  -D-glucopyranosyl-(l-»  4)-[  a  -L-  rhamnopyranosy  1  -  ( 1  -*  2 )  ] 

- fi  -D-g lucopyranos ide ,  yamogenin  3p-0-o  -L- rhamnopyranosy 1- ( 1 -* 3 )- 8  -D- 
g lucopy  ranos y  1  -  ( l->  4 )  -  |  a  - L- rhamnopyranosy  1  -  ( l-»  2 )  ) -8  -D-glucopyranoside  ,  yamogenin 
38  -O-p  -D-glucopyranosyl-(l-»4)-|a  -L-  rhamnopyranosy  1  -  ( 1  — *  2  (  )  -  B  -D-glucopyranoside 
and  diosgenin  3B  -0-6  -D-xylopyranosyl-(l-»3)-6  -D-glucopyranosyl-(l->4)-[a  L- 
rhamnopyranosy 1  - ( l -» 2 ) | -  6  -D-glucopyranoside,  respectively. 

KEYWORDS  balanitin;  Balanites  aegyptiaca;  cytotoxicity;  saponin;  yamogenin 
glycoside;  diosgenin  glycoside;  P-388  lymphocytic  leukemia  cell  line 

Ha  lan i ce  s  aegypt  iaca  Del.  ( Sa  l  an  i  t aceac  )  is  widely  used  in  Africa  as  a  component  of  various 
primitive  medicines  used  for  abor  i  f  ac  i  en  t  ,  antiseptic,  antiviral  (Herpes  Zoster),  malaria!  ,  mo  1 1  use  ida  1 , 
syphilatic  and  vermifuge  purposes.-'  Recently,  the  molluscidal  steroidal  saponins,  balanitin-1,  -2  and 
-3,  have  been  isolated  from  the  root  and  bark  of  this  plant."  As  part  of  our  evaluation  of  higher  plant 
antineoplastic  and/or  cytostatic  constituents,  we  have  examined  the  seed  components  of  this  plant  using 
Che  murine  P-388  lymphocytic  leukemia  (PS  system)  in  cell  culture.9'  A  1978  recollection  (107  kg) 
of  ics  seeds  produced  by  B.  aeeypt iaca  were  broken  and  extracted  using  our  CH2Cl2*MeOH  (followed  by 
dilution  wich  i^O)  techn  i  que  .  •*  >  b '  The  aqueous  phase  was  successively  pa r t i t  ioned7 '  between  CH3OH-H2O 
(9:1-*  3:2)  employing  hexane  —  CC 1^  -*  CilsC  1 2  -•  BuOH .  The  most  encouraging  PS  activity  was  located  in  the 
BuOII  fraction.  B  i  oas  say- d  1  rec  t  ed  f  r  ac  t  lona  t  ion  employing7'  Sephadex  LH-20-*  silica  gel  column  chroma¬ 
tography  HPLC  afforded  four  new  PS  active  constituents  designated-"  balanitin  (Bal)-4,  -5,  -6,  and  -7, 
respectively  (Table  I).  Analysis  of  the  IR,8'  'll-  and  13C-NMR  spectra  of  the  parent  balanitins  and  their 
acecates  suggested  thjt  Hul-4  (I),  -5  (II)  and  -6  (III)  were  glycosides  of  yamogenin,  while  Bal-7  (IV) 
was  a  glycoside  of  diosgenin. 

Bul-6  (III):  mp  2  7  8  -  2  8U°C  (from  MeOll),  (a  I  -89°  (c  *  0.67,  pyridine),  Cz,  5II 7  2°  I  7  bY  FAB-MS  111/ z  , 

885  [M  +■  H|+  907  [M  +  Nu|,  IR  v  *8rx  cm'  1,  3430,  3280  (OH),  1630  (C=C )  ,  980,  910,  890  (intensity  910 
>890,  25(S )  -  spi  roke  t  a  1  |  , 8  '  gave  on  acetylation  nonacetate  V  (the  'll-NMR  spectrum  showed  the  presence  of 
two  glucose  and  one  rhamnose  unit).  The  FAB-MS  of  Bal-6  (III)  gave  ions  at  m / z  7bl  (M  +  Na  -  14b)+  and 
m/z  7  39  ( M  +  H  -  1461'*'  due  co  the  loss  of  one  rhamnose  unit,  and  fragments  at  m/ z  745  |M  +  Na  -  162]+  and 
723  [M  +  H  -  16  2)'*'  arising  from  the  loss  of  one  glucose  unit.3'  Hense  both  rhamnose  and  glucose  were 
found  linked  to  glucose  in  turn  attached  to  yarn In  the  13C-NMR  spectrum9'  of  peracetate  V,  the 
C-2  and  C-4  signals  (  4  76.54  and  77.59  ppm)  of  one  glucose  appear  shifted  downfield  by  4.55  and  8.43 
ppm,  respectively,  relative  to  methyl  t e t raace t y 1 g lucos ide .  These  gl ycos i da t ion  13C-NMR  chemical 
shifts10'  indicate  that  the  glycosidic  linkages  exist  at  the  glucose  2-  and  4-positions.  Enzym.uic 
hydrolysis  of  t r i sacchar i dc  III  with  cellulose  followed  by  acetylation  gave  hexaacetate  VI,  where  the 
sugar  unit  consisted  of  one  glucose  and  one  rhaanaSc  (deduced  from  the  'll-NMH  spectrum).  The  proton 
signal  of  the  glucose  peracetate  (VI)  2-poxition  was  found  shifted  upficld,  relative  to  methyl 


tec raace cy lglucos ide .  In  curn  this  indicated  that  rhamnose  was  linked  to  Che  2-position  of  glucose 
derivative  VI.  111  Baseo  on  this  evidence,  the  structure  of  peracetate  V  was  elucidated  and  Bal-6 
should  be  represented  by  structure  III. ^ 2 ) 

Bal-4  (1):  mp  27 1  - 27 2°C  (MeOU),  (  u  1  2 0  -61°  (c  -  0.9,  pyridine),  C51ll82022  by  FAB-MS  m/z,  1047  [M 
+  Hj+,  1069  [M  +  Na]+i  IR  v  *Br_  cm'1,  3380  (OH),  1630  (C-C),  980,  912, >890  [intensity  912  >890,  25 (S ) - 
spiroketal  ]  gave  on  acetylation  dodecaacetace  VII.  The  peracetace  ^l-NMR  spectrum  Indicated  the 
presence  of  three  glucose  and  one  rhamnose  unit.  In  the  peracetate  ^C-NMR  spectrum  the  C-2  and  C-4 
signals  C  c  7b. Ao  and  77.24)  of  one  glucose  and  the  C-3  signal  (6  79.77)  of  another  glucose  were 
located  shifced  downfield  by  4.49,  8.09  and  6.19  ppm,  respectively.  Enzymatic  hydrolysis  of  saponin  1 
with  naringinase  followed  by  acetylacion  afforded  Bal-6  peracetace  (V)  and  allowed  assignment  of 
structure  I  to  Bal-4.1-1 

Table  I.  P388  cell  line  Evaluation  of  the 
Ba  l-4-6(  I  -  1 1 1 )  Cell  Crowth  Inhibition 

Steroidal  Saponin  P-388  (EDjq  jjg/ml)la 

0.41 
2.40 
0.21 
0.22 

8.0  *  10'2 


n  — O 


I 

I I 

III 

IV 

5-Fluorourac  i  1 
( s  candard ) 


l,  Glc— Glc 

I  R  =  Glc^ 

2"  Rha 

t^Glc  — ^-Rha 

II  R  «  Glc^ 

Rha 


III 

R  « 

4„Glc 

Glc^" 

j'-Rha 

V 

R  - 

J^Glc(  Ac)4 

G 1  c  (  Ac  )2 

^Rha(  Ac  )3 

VI 

R  = 

Glc(  Ac  )3i_Rlia(  Ac)3 

VII 

R  - 

^-Glc(  Ac  )3  —  Glc(  Ac  )t, 
Glc  (Ac  )2. 

2^  Rha (  Ac  )3 

VIII 

R  - 

4^Glc(Ac)3— Rha(  Ac)3 

G 1 c ( Ac 

2'-Rhu(  Ac  )3 

^>Glc  —  Xyl 
IV  R  -  Glc^ 

2'  Rha 

J^Glc(Ac)3  — Xyl(  Ac)3 

IX  R  -  G1c(Ac)2^ 

2 — Rlia  (  Ac  )3 

x  R  »  Glc (  Ac  )3  —  Rh a  (  Ac  )3 

Glc:  8-D-glucopyranosyl 
Rha:  ck-L-rhamnopyranosy  1 
Xyl:  Q-D-xylopyranosyl 


Bal-5  (II):  mp  203-207°C  (MeOH),  | a  -78  (£=1.47,  pyridine),  C5^Hg2021  by  FAB-MS  m/ z ,  1031  (M  + 

ll]  +  ,  1053  [M  +  NaP;  IR  v  KBr  cm”1,  3380  (OH),  1640  (C=C)  ,  980,  912,  890  [intensity  912  >890,  25(S)- 

max 

spiroketa 1 ] , ® ^  gave  on  acetylation  undecaacetate  VIII  and  for  this  derivative  the  ^H-NMR  spectrum 
indicated  the  presence  of  two  glucose  and  two  rhamnose  units.  The  ^C-NMR  spectrum  of  peracetate  VIII 
provided  useful  data.  The  C-2  and  C-4  signals  (  6  76.53  and  77.33)  of  one  glucose  and  the  C-3  signals 
(6  81.80)  of  another  glucose  appeared  shifted  downfield  by  4.54,  8.18  and  8.22  ppm,  respectively. 
Enzymatic  hyrolysis  of  steroidal  saponin  II  with  naringinase  followed  by  acetylation  gave  peracetate  V. 
The  sura  of  this  evidence  led  to  structure  II  for  BaL-5.1^) 

Bal-7  (IV):  rap  273-280°C  (MeOH),  [a  j^0  -83°  (c  =  0.83,  pyridine),  C5oH80°21  bY  FABS-MS,  ra/£,  1017 
[M  +  H]+,  1039  [M  +  Na]+;  IR  v  cm’1,  3380  (OH),  1630  (C=C),  980,  915,  895  [intensity  915  <895, 
25(R)-spiroketal ] ^  gave  on  acetylation  undecaacetate  IX.  The  ^H-NMR  spectrum  of  the  peracetate 
indicated  two  glucose,  one  rhamnose,  and  one  xylose  unit.  Enzymatic  takadiastase  hydrolysis  of 
IV  followed  by  acetylation  provided  hexaacetate  X.  General  features  of  the  peracetate  ^11-NMR  spectrum 
were  identical  with  those  of  peracetate  VI  except  that  the  proton  and  carbon  signals  of  the  aglycone 
corresponded  to  those  of  diosgenin.  Therefore,  peracetate  X  was  assumed  to  have  a  structure,  in  which 
the  yamogenin  aglycone  of  saponin  VI  has  been  replaced  by  diosgenin.  As  expected  the  C-2  and  C-4  ^C- 
NMR  signals  (6  76.68  and  77.19)  of  one  glucose  and  the  C-3  signal  (  d  80.48)  of  the  second  glucose  in 
peracetate  IX  were  respectively  shifted  downfield  by  4.47,  8.04  and  80.48  ppm.  The  above- summer i zed 
evidence  allowed  assignment  of  structure  IV  to  Bal-7.  55) 
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INTRODUCTION 


In  mountainous  areas  of  Northern  Arizona  (2)  and  Southern  Utah, 
Cast  1  lie ja  1  inar  iae  folia  Benth  is  known  as  an  Indian  paint-brush. 
While  some  fifty  species  of  the  large  (3000  species  and  220  genera) 
Scrophular iaceae  family  have  been  used  in  primitive  cancer  treatment 
only  one  represented  the  Cas t i 1 le  ja  genus  (3),  namely,  the  Mexican 
(Yucatan)  Ca s t i 1 1 e  j a  communis  Benth  (4). 

In  1966  extracts  of  Cast i 1 le  ja  1 inar iae  folia ,  collected  north  of 
Arizona's  Crand  Canyon,  gave  confirmed  activity  against  the  U.  S. 
National  Cancer  Institute's  Walker  carcinosarcoma  256  (intramuscular 
WM  system)  in  che  rat.  Each  of  the  major  plant  parts  appeared  to 
contain  the  ancicancer  cons t i tuent ( s )  with  the  flowers  indicating  the 
greatest  concentration  and  causing  a  90%  inhibition  of  tumor  growth 
at  266  mg/kg.  The  stem  components  appeared  next  roost  active  and  led 
to  a  58%  inhibition  of  tumor  growth  at  4 00  mg/kg.  As  the  root 
material  was  less  promising  with  25%  inhibition  (400  mg/kg),  a 
chemical  investigation  of  Cj_  linariaefolia  was  begun  (in  1967) 
primarily  with  the  stems  and  flowers  using  the  WM  system  as  the 
bioassay  guide.  When  the  murine  P388  lymphocytic  leukemia  (PS  system) 
became  available  for  this  research  in  1971  and  a  key  fraction  showed 
T/C  125-165%  (10-40  mg/kg),  the  WM  system  was  discontinued  as  a  guide 
to  fractionation.  However,  somewhat  erratic  results  were  obtained 
with  both  in  vivo  systems,  and  this  served  to  complicate  the  Isolation 
studies  with  this  heretofore  chemically  unexplored  species. 

A  number  of  increasingly  larger  recollections  of  linariaefolia 
were  required  over  the  1967-79  period  as  improved  biological  (the  PS 
cell  line)  and  chemical  techniques  were  applied  to  this  problem.  Two 
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of  che  PS  cell  growch  inhibitory3  constituents  were  eventually  found 
to  be  che  known  glycosides  acteoside  (6-9)  and  isoacteoside  (8).  both 
glycosides^  have  not  hitherto  been  found  in  a  plant  of  che 
Scrophulariaceae  and  were  isolated  utilizing  a  large  scale  (/-~5QQ  kg) 
1978  recollection  of  the  paint-brush  from  Southern  Utah.  The  research 
was  completed  using  a  series  of  recently  developed  (Cf .  10) 
experimental  procedures  augmented  by  droplet  countercurrent 
chromatography  (dccc).3  As  part  of  this  study  D-mannitol  was  also 
Isolated . 

The  structure  of  acteoside  (la)  was  first  assigned  on  the  basis 
of  detailed  speccral  analysis  (uv,  ir,  etc.)  and  identification  of 
alkaline  and  acid  hydrolysis  products.  Later  the  structure  was 
confirmed  by  comparison  with  an  authentic  sample. 6  The  general 
speccral  features  of  isoacteoside  closely  resembled  chose  of 
acteoside,  except  that  the  L-rhamnose  unit  methyl  group  signal  in  che 
J-H-nmr  spectrum  was  shifted  from  &  1.12  to  1.27  ppm.  Also  the  C-6 


3The  PS  iji  vitro  studies  were  conducted  in  our  laboratory 
according  to  procedures  developed  by  the  National  Cancer  Institute, 
and  PS  in  vivo  bioassays  were  performed  under  auspices  of  the  NCI  (5). 

^These  caffeoyl  glycosides  have  been  isolated  from  a  Labiatae 
species  (8)  and  acteoside  also  occurs  in  a  Cesneriaceae  (7)  and  two 
Oleaceae  (6,  9). 

-*The  dccc  technique  has  previously  been  used  in  the  separation  of 
irldoid  glycosides  from  Castillo  ja  miniata  (11).  Interestingly,  dccc 
was  che  only  effective  method  found  for  separation  of  myricoside,  a 
bioactive  substance  closely  resembling  acceoside  in  structure  (12). 

^An  authentic  sample  of  acteoside  was  kindly  provided  by 
Professor  I.  Nishioka,  Faculty  of  Pharmaceutical  Sciences,  Kyushu 
University. 
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and  C-3  D-glucose  unit  carbon  signals  in  the  ^C-nmr  spectrum  were 
shifted  from  6  62.43  to  64.70  and  81.64  to  84.15  ppm,  respectively. 

N 

These  data  suggested  an  isomeric  relationship,  and  this  was  confirmed 
by  a  ser  ies  of  methylation,  acetylation  and  hydrolysis  experiments  (11, 
13,  14). 

Both  acteoside  and  isoacteoside  exhibited  _in  vitro  cell  growth 
inhibitory  activity  (9PS;  ED5Q  2.6  and  10  .ug/ml  respectively).  An 
appropriate  _i_n  vivo  antineoplastic  evaluation  will  require  additional 
amounts  of  bach  acteoside  and  isoacetoside.  Because  of  the 
antibacterial  ^12)  and  cAMP  phosphodiesterase  inhibitory  activity 
shown  by  several  closely  related  natural  products  these  glycosides 
should  undergo  further  biological  study.  Meanwhile,  we  are  pursuing 
additional  antineoplastic  constituents  of  linariaefolia. 
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EXPEK IKKNTAL 


All  melcing  points  were  determined  on  a  Yanagiraoto  micro  melting 
point  apparatus  and  are  uncorrected.  Infrared  spectra  were  recorded 
with  a  Hitachi  EPI-C2  spectrometer.  The  ^H-nmr  spectra  were  measured 
wich  a  Hitachi  R  40  spectrometer  at  90  MHz  and  the  13C-nrar  spectra 
with  a  JEOL  JNM  FX-200  spectrometer  at  50.3  MHz.  Chemical  shifts  are 
given  in  parts  per  million  (i$ )  downfield  from  tetramethylsi lane  as  an 
Internal  standard.  Solution  phase  sims  (15)  mass  spectra  were 
obtained  using  a  Varian  MAT  312  spectrometer  equipped  with  a  modified 
capillaritron  source  (15)  and  0.14  M  sodium  iodide  in  sulfolane  as 
liquid  phase.  The  ei  mass  spectra  were  recorded  using  a  Hitachi  M*70 
spectrometer. 

PLANT  MATERIAL. -A  final  recollection  of  Castille la  1  inariae fol ia . 
Benth  (~500  kg  dry  wt )  by  CRP,  D.  L.  Herald,  D.  L.  Doubek,  D.  Takata 
and  T.  E.  Rawson,  was  accomplished  August  1978  in  the  Dixie  National 
Forest,  Carfield  Co.,  Utah.  The  collections  were  made  at  7000-8000  ft 
elevation  and  identified  by  one  of  us  (CPP)  in  the  USDA  Laboratory  and 
by  E.  Lehto  in  the  Dept,  of  Botany  at  Arizona  State  University. 
Herbarium  specimens  are  maintained  in  the  Dept,  of  Botany  and  Cancer 
Research  Institute  at  Arizona  State  University. 

PLANT  EXTRACTION . -Dried  plant  material  (36  kg;  leaves,  stems  and 
roots)  from  the  1978  recollection  was  extracted  with  a  mixeure  (16&£) 
of  methylene  chloride  and  methanol  (1:1,  13)  at  ambient  temperature 
for  three  weeks.  The  extract  was  separated  into  methylene  chloride 
and  aqueous  phases  on  addition  of  25 7.  by  volume  of  water.  The  aqueous 
phase  was  adjusted  by  addition  of  methanol  and  methylene  chloride  in 
the  ratio  aqueous  phase-methanol-methylene  chloride  (4:1:2),  and  the 
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plant  was  extracted  with  this  mixture  for  seven  weeks.  Addition  of 
15%  by  volume  of  water  separated  the  methylene  chloride  phase  which 
was  combined  with  that  obtained  from  the  first  partition. 

Concentration  gave  a  PS  Jji  vivo  inactive  methylene  chloride  extract 
(712  g;  PS,  E£>5q  19/jg/ml;  3PS,  inactive  at  12.5-100  mg/kg).  The 
aqueous  phase  was  concentrated  to  give  a  marginally  _in  vivo  active 
extract  (3.5  kg;  9PS ,  ED50  >  100  yug/ml  ;  3PS ,  T/C  1207.  at  25  mg/kg). 

SOLVENT  PARTITION  SEQUENCE. -A  portion  of  the  aqueous  extract  (180  g) 
was  successively  partitioned  between  me thanol -wa ter  9:1  (1800  ml), 

4:1  and  1:1  with  hexane  (3  x  1800  ml),  carbon  tetrachloride  (3  x  1800  ml) 
and  methylene  chloride  (3  x  1800  ml),  respectively.  Concentration 
of  the  partition  fractions  gave  hexane  (1.5  g;  9PS,  EDjq  6/ug/ml), 
carbon  tetrachloride  (1.2  g;  9PS,  EDjq  24/ug/ral),  methylene  chloride 
(4.6  g;  9 PS ,  ED50  5 1  yug/ml )  ,  and  aqueous  (142.8  g;  9PS ,  ED50  36/ig/ml) 
fractions.  None  of  these  fractions  exhibited  3PS  in  vivo  activity 
when  tested  at  dose  levels  of  3.12-25  rag/kg.  However,  in  a  number  of 
earlier  experiments,  e.g.,  employing  a  1972  recollection,  fractions 
were  obtained  at  this  stage  with  PS  T/C  1657.  at  40  mg/kg. 

ISOLATION  OF  ACTEOSIDE  ( la)  AND  ISOACTEOSIDE  (lb). -An  aliquot 
(10.22  g)  of  the  aqueous  partition  fraction  was  chromatographed  on 
Sephadex  LH-20  (805  g;  77  x  8  cm)  using  methanol-water  (4:1)  as 
eluent.  Fractions  were  monitored  by  ppc.  After  elution  of  5.1  g  of 
material,  a  fraction  (2  g)  was  obtained  from  which  D-mannitol  (0.252  g) 
was  isolated  as  colorless  needles,  mp  171-172°,  and  found  identical  (ir,  tic) 
with  an  authentic  sample.  Further  elution  gave  1.8  g  of  inactive 
material  followed  by  a  9PS  _i_r^  vitro  active  (EDjq  4.1^g/mli  3PS, 
inactive  at  3.12-25  mg/kg)  fraction  (1.3  g).  A  1.94  g  portion  of  this 
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fraction  (obtained  on  repetition  of  the  Sephadex  LH-20  chromatographic 
step)  was  treated  with  methanol.  The  soluble  fraction  (1.38  g)  was 
dissolved  in  a  minimum  volume  of  the  upper  layer  prepared  from 
chloroform-methanol-water  (5:5. 7:3)  and  placed  in  the  transfer  tube  of 
a  dccc  apparatus  filled  with  the  upper  layer  of  the  same  solvent 
system  as  stationary  phase.  The  flow  rate  of  the  moving  lower  phase 
was  0.66  ml/min.  Three  fractions  were  collected  on  the  basis  of 
monitoring  by  PPC.  Acteoside  (la,  0.388  g)  was  isolated  as  a  pale 
yellow  amorphous  powder  from  the  third  fraction.  The  first  fraction 
(0.174  g)  was  again  subjected  to  dccc  to  give  isoacteoside  (lb,  0.107  g) 
as  a  light  brown  amorphous  powder.  Acteoside  (la)  exhibited  the 
following  physical  properties:  mp  145-149°  (lit.  6,  mp  147-150°);  and 
solution  phase  SIMS  m/z  625  ([M+H]^’;  214),  480(104),  472(244),  325 
(  [M+H-caffeoyl-3,4-dihydroxyphenethyl]+  1007.).  The  identity  was 
confirmed  by  direct  comparison  of  and  ^C-nmr  spectra  with  an 
authentic  sample.**  Treatment  of  acteoside  (la)  with  acetic  anhydride- 
pyridine  followed  by  silica  gel  column  chromatography  gave  the 
peracetate  as  a  colorless  amorphous  powder:  UV  (CH30H)A  max  283  (log 
e  4.19)  nm;  the  CD  spectrum  was  identical  with  that  already 
published  (12).  Isoacteoside  (lb)  exhibited  rap  136-139°;  and 
solution  phase  SIMS  m/z  625  ([M+H]"*’;  224),  480  (294),  472  (304), 

325(  (M+H-ca f feoy l- 3  ,4-d ihydroxyphene thy  1 1-*"  1007.).  Acetylation  and 
chromatography  of  the  product  as  described  for  acteoside  gave  the 
peracetate  as  a  colorless  amorphous  powder:  UV  (CH3OH) X  max  280  (log 
e  4.53)  nm. 
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ABSTRACT 


The  Southwestern  (USA)  paint-brush,  Ca  s  t  i  1 1  e  ja  1 inariaefol ia  Benth, , 
yielded  extracts  that  displayed  confirmed  _i_n  vivo  activity  against  the 
National  Cancer  Institute's  murine  P380  lymphocytic  leukemia  (PS  system). 
Separation  employing  droplet  cour. tercurrent  chromatography  as  one  of  the  key 
techniques,  guided  by  cell  line  inhibition  results  from  the  PS  leukemia 
system,  led  to  isolation  of  two  cell  growth  inhibitors  found  to  be  acteoside 
(la,  ED50  2.6  pg/ml)  and  isoacteoside  (lb,  ED5Q  10  pg/ml).  The  structures  of 
both  glycosides  were  established  by  detailed  spectral  measurements  and 
degradation  studies.  Mannitol  was  also  found  in  this  plant. 
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Amary 1 1 idaceous  plants  such  as  Narcissus  poetieus  were  recorded 
in  the  Bible  as  well  established  treatments  for  cancer  (2)  and  others  were 
in  use  by  the  Greek  physicians  of  4  BC  (3).  The  first  isolation,  in  1877  (4), 
of  a  biologically  active  Amaryllidaceae  constituent,  the  now  well-known 
lycorine  (5),  was  an  early  achievement  of  organic  chemistry  and  such  studies 
have  been  intensifying  (c_f, 5,  6-8).  In  1984  we  reported  discovery  and 
structural  elucidation  of  a  strongly  antineoplastic  phenanthridone  designated 
pancrat istat in  (1)  produced  by  species  of  the  genera  Pancratium  1  i  t  tora le , 
(3,9)  and  Zephyranthes  grandi flora  (6). 

In  1964,  extracts  of  the  medicinal  (6)  Zephyranthes  Candida  L.  (obtained 
in  Hong  Kong)  had  already  proved  active  (KB  cell  line)^  in  the  U.  S.  National 
Cancer  Institute's  exploratory  research  program,  but  we  were  unable  to  obtain 
a  recollection  (People's  Republic  of  China)  until  1982.  Earlier  (1955)  Boit 
and  Ehmke  (10)  isolated  four  alkaloids  from  the  Dutch  Z.  Candida  representing 
the  pyrrolo  Ide]  phenan thrid ine  (lycorine),  pretazettine  (tazettine),  and  5, 
lOb-ethanophenanthridine  (haemonthidine  and  nerinine)  ring  systems.  The 
study  was  extended  in  1964-65  (11,12)  to  isolation  of  the  dihydrolycorine  and 
zephyranthine  from  a  Japanese  variety  and  in  1978  to  a  flavone  glycoside 
(13).  We  now  have  found  that  the  principal  antineoplastic  (murine  P388 
lymphocytic  leukemia,  PS  system,  13)  constituent  of  Zj_  Candida  to  be  trans- 
dihydronarc ic la s ine  (lb)  previously  (14)  prepared-*  by  hydrogenation  of 
narclclasine  (2a)  and  heretofore  unknown  as  a  biosynthetic  product. 

^Cell  line  from  a  human  epidermoid  carcinoma  of  the  nasopharynx. 

3We  thank  Professor  A.  Mondon  for  samples  of  trans-dihydro- 
nacriclaalne  and  its  peracetate  as  well  as  the  corresponding  cls-dihydro- 
compounds  (see  ref.  14). 
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Ground  bulbs  of  Z^_  cand ida  were  extracted  with  methylene  chloride- 
methanol  (1:1)  at  ambient  temperature.  After  addition  of  water,  the  aqueous 
phase  was  concentrated  and  extracted  with  n-butanol.  The  PS  active  (cell 
line)  butanol  extract  was  concentrated  and  triturated  with  methanol  to 
provide  a  fraction  that  was  separated  (guided  by  PS  bioassay)  by  successive 
Sephadex  LH-20  and  silica  gel  column  chromatographic  steps.  The  resulting 
enriched  active  (ED50  0.0034  ug/ml)  fraction  was  acetylated  and  separated  on  a 
column  of  silica  gel  to  yield  trans-dihydronarciclasine  peracetate  (lc),  PS 
(ED50  3.2x10'3  pg/ml)  as  the  major  component.  The  structure  of  the  peracetate 
was  established  by  detailed  spectral  analysis  (e.g.,  see  3)  and  comparison 
with  an  authentic  sample  as  well  as  with  the  product  obtained  by  catalytic 
hydrogenation  (Adam's  catalyst  in  acetic  acid  at  50  psi)  of  narcic lasine , 
followed  by  acetylation.  Hydrogenation  afforded  as  major  product  the  expected 
cis-dihydronarcic lasine  accompanied  by  the  trans-isomer.  Facile  deacetylation 
of  the  phenolic  acetoxy  group  was  observed  during  chromatography  and  in 
methanolic  solutions  to  give  the  7-hydroxy-2 , 3 ,4- t riace toxy  derivative  Id. 
Trans-dihydronarciclasine  (prepared  from  the  acetate)  was  found  to  strongly 
inhibit  the  PS  leukemia  with  ED50  0.0032  pg/ml,  while  the  synthetic  cis- 
dihydro  analog  (le)  led  to  PS  ED50  0.024  pg/ral. 

Isolation  of  trans-dihydronarciclasine  (lb)  as  the  major  antineoplastic 
constituent  of  Zj_  cand  ida  has  revealed  another  interesting  and  potentially 
1,  useful  amaryllidaceae  biosynthetic  product.  Doubtlessly,  further  study  of 
this  very  productive  plant  family  for  anticancer  and  other  medically  useful 
components  will  prove  rewarding  and  is  in  progress. 
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la.  R  =  OH,  Rj  =  R2  =  H,  1Gb  =  a-H 

b.  R  =  Rj  =  R2  =  H,  10b  =  a-H 

c.  R  =  H,  R,  =R2  =  COCH3,  10b=a-H 

d.  R  =  R2  =  H,R1  =COCH3,  10b=a-H 

e.  R  =  Rl=R2  =  H,  10b=p-H 


2a.  R  =  H 
b.  R  =  COCH 


EXPERIMENTAL 
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General  Method s . -Detai Is  of  general  procedures  and  chromatographic 
techniques  were  provided  in  our  earlier  summaries  (3,6). 

Plant  Material . -Zephyranthes  Candida  (Lindl.)  Herb,  was  recollected  in 
China  in  1981  (received  February  1982)  as  part  of  the  NCI-USDA  collaborative 
program  directed  by  Drs.  J.  L.  Hartwell  and  M.  Suffness. 

Extract  ion. -Freshly  ground  bulbs  (18  kg)  were  stored  in  methanol- 
methylene  chloride  (1:1,  32  liters)  for  10  days.  Addition  of  water  (157.  by 
volume)  caused  separation  of  the  methylene  chloride  phase.  To  the  aqueous 
phase  was  added  methanol  and  methylene  chloride  to  increase  the  original 
total  volume  by  50  and  25 7.  respectively.  The  plant  was  extracted  with  this 
mixture  for  a  further  80  days.  Addition  of  water  (257.  by  volume)  allowed 
the  methylene  chloride  phase  to  separate  which  was  combined  with  the  first 
methylene  chloride  extract  and  concentrated  to  a  109  g  residue  (PS  ED50  3.5 
pg/ml).  The  aqueous  phase  was  concentrated  and  partitioned  between  water  (6 
liters)  and  n-butanol  (4x6  liters).  Concentration  of  the  butanol  extract  to 
a  small  volume  and  addition  of  methanol  (2  liters)  gave  an  active  methanol- 
soluble  fraction  (149  g;  PS  ED50  0.27  pg/ml).  Upon  further  dilution  with 
methanol  (600  ml)  and  methylene  chloride  (400  ml)  the  solution  was  filtered 
to  yield  28  g  of  solid  (PS  ED50  1.6  pg/ml).  The  filtrate  was  chromatographed 
on  a  column  of  Sephadex  LH-20  (2.5  kg)  using  methanol-methylene  chloride 
(3:2)  as  eluent. 

Isolat ion  of  Trans --d ihydronarc iclas ine . -Elution  (the  preceding  LH-20 
column)  between  volumes  7215-16950  ml  gave  a  6.2g  fraction  (PS  ED50  ^  0.02 
ug/ml).  Trituration  with  acetone  (50  ml)  provided  a  light  orange  solid  (2.72 
PS  ED50  0.016  pg/ml)  and  a  soluble  fraction  (3.5  g;  PS  ED50  0.0043  pg/ml). 
When  the  orange  solid  was  triturated  with  methanol-methylene  chloride  (1:1;  3 


x  10  ml,  1  day),  followed  by  methanol  (5  ml;  2  days)  a  soluble  fraction  (2.58 
g)  was  obtained  similar  (by  tic)  to  the  ace  tone* solub le  fraction.  An  aliquot 
of  the  acetone-soluble  fraction  (1.76  g)  and  the  latter  soluble  fraction 
(2.58  g)  were  combined  and  the  mixture  subjected  to  rapid  chromatography  on  a 
column  of  silica  gel  (200  g) .  Gradient  elution  with  methylene  chloride  (1 
liter)  to  99:1  95:5  methylene  chloride-methanol  followed  by  9:1  (2  liters) 

gave  a  fraction  (1.05  g)  which  was  triturated  with  methanol  (5  ml;  1  day)  to 
give  a  buff-colored  solid  (0.20  g;  PS  ED5Q  0.0034  pg/ml).  Half  of  the  solid 
was  acetylated  (6  ml  of  1:1  acetic  anhydride-pyridine,  24  h  room  temperature) 
and  the  product  (0.12  g)  was  chromatographed  on  a  column  of  silica  gel  (Lobar 
B  column).  Development  with  methylene  chloride  (200  ml)  and  99:1  methylene 
chloride-methanol  (400  ml),  followed  by  49:1  afforded  (between  675  and  725 
ml,  total  eluant  volume)  trans-d ihydronarciclasine-2 , 3, 4- triacetate  (16  mg) 
which  recrystallized  from  methanol-methylene  chloride  as  small  colorless 
needles:  mp  309-311°  [lit  (14)  mp  293°];  [a ] 32D  +  81.94°  (c,  0.72,  CHCI3); 
uv  X  max  Me0H  (1°8  e)  231  04),  239  (4.01),  280  (3.75),  310  (3.33)  nm;  1H- 

nmr  (400  MHz,  CDCl3)  1.914  (1H,  ddd,  J=14.0,  12.5,  3.0  Hz,  H-1B),  2.086  (6H, 
s,  2xAc),  2.137  (3H,  s,  Ac),  2.432  (1H,  ddd,  J=14.0,  3.5,  3.2  Hz,  H-la), 

3.134  (lH.ddd,  J*12 . 7 ,  12.5,  3.5  Hz,  H-lOb),  3.777  (1H,  dd,  J=12.7,  11.8  Hz, 
H-4a) ,  5.175  (1H,  dd,  J=11.8,  3.0  Hz,  H-4),  5.189  (1H,  m,  H-3),  5.438  (1H,  dd, 
J-3.2,  3.0  Hz),  5.855  (1H,  s,  NH) ,  6.037,  6.049  (11!  each,  d,  J=1.2  Hz,  0CH20) , 
6.323  (1H,  s,  H-10),  9.704  (IH,  s,  ArOH) .  Acetylation  (1:1  acetic  anhydride- 
pyridine)  led  to  trans-d ihydronarciclasine  peracetate  identified  by  tic  and 
infrared  spectral  (in  chloroform)  with  an  authentic  specimen. 

Continued  elution  between  volumes  725-760  ml  gave  a  mixture  (14  mg)  of 
the  above  triacetate  and  trans-d ihydronarciclasine  peracetate  and  between 
volumes  760-810  ml  trans-d ihydronarciclasine  peracetate  (80  mg). 
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Recrystallization  from  methanol-methylene  chloride  afforded  a  pure  specimen 


as  colorless  needles:  mp  181-182°  flit  (1A),  188-189°):  fa ] 3 1D  +  123.9°  (c, 
1.13,  CHCl3)  [lit  (1A)  fa)20D  +128.5°  (c,  0.82,  CHCI3) ) ;  UV X  max  MeOH  (logc) 
231  (A. 10),  239  (A. 09),  280  (3.82),  310  (3. A0  nm;  IR  (KBr )  v max  3600,  3500, 
3330  (sh),  3310,  1760,  1730  (sh),  1670,  163A,  1505,  1A87,  1A60,  137t,  UA5, 
1298,  1255,  1235,  1172,  1080,  1051,  1031,  930  cm'1;  in-nmr  (A00  MHz,  CDCI3) 
1.906  (1H,  ddd ,  J=1A.0,  12.7,  3.0  Hz,  H-18),  2.05A,  2.071,  2.139  (3H  each, 
COCH3),  2.36A  ( 3H ,  ArOCOCH3 ) ,  2.A28  (1H,  ddd,  J=1A.0,  3.5,  3.2  Hz,  ll-la), 
3.1A0  (1H,  ddd,  J=12.7,  12.0,  3.5  Hz,  H-lOb),  3.762  (1H,  dd ,  J=12.0,  10.8 
Hz,  H-Aa),  5.156  (1H,  dd,  J=10.8,  3.0  Hz,  H-A),  5.192  (1H,  m,  H-3),  5.A16 
(1H,  dd,  J=3 . 2 ,  3.0  Hz,  H-2),  5.810  (1H,  s,  NH) ,  6.065,  6.073  (1H  each,  d, 
J-1.2  Hz,  -0-CH2-0),  6.6A2  (1H,  s,  H-10)  and  13C-nmr  (22.63  MHz,  CDCI3) 

170. 3A,  169.36,  169. 1A  (AC,  AxOCOCH3),  163.35  (C-6),  152. A0  (C-9),  139.63  (C- 
7),  137.00  (C-lOa),  13A.33  (C-8),  116. OA  (C-6a),  102.91  (OCH20) ,  102.00  (C- 
10),  71.62,  68.60,  67. A3  (3XCHOCQCH3) ,  52. A1  (C-Aa) ,  35.61  (C-lOb)  27.00  (C- 
1),  21.02,  20.86,  20.70  (Ac,  AxOCOCH3)  ppm.  Hreims  (m/z)  A77.1258  (m+, 

3.097.,  calcd  A77.1271  for  C22H23NOu)  and  A35.1165  (1007.,  calcd  A35.1166)  for 
c20h21no10. 
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ABSTRACT 


The  Chinese  medicinal  plant,  Zephyranthes  Candida  L.  (Amaryllidaceae)  was 
found  to  contain  a  cytostatic  constituent.  Separation  of  a  n-butanol  extract 
directed  by  results  of  a  bioassay  employing  the  P388  lymphocytic  leukemia  led 
to  trans-dihydronarciclasine  (lb)  as  the  principal  cytostatic  agent  with  ED50 
3.2  x  IQ"-*  pg/ml. 
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ABSTRACT 


Western  (Palau)  end  Eastern  (State  of  Truk)  Caroline  Islands  and  Papua 
New  Guinea  sponges  of  the  genera  Axlnella  and  Hymeniacldon  were  found  to 
contain  the  cytostatic  (PS  ED50  2.5  and  2.0  pg/ml)  and  antlneoplastlc  (PS  T/C 
143  at  3.6  mg/kg  and  T/C  138  at  3.6  mg/kg)  pyrrologuanldlnes  la  and  lb.  The 
related  hydantoln  2,  designated  axinohydantolnt  was  also  Isolated  from  an 
Axlnella  ap.  and  Its  structure  was  assigned  by  x-ray  crystallographic 
techniques.  Present  experience  with  sponges  In  the  Axlnella  and  Hymeniacldon 
genera  suggests  that  the  previously  known  hymenialdislne  (lb)  and  analogous 
imidazole  derivatives  may  be  widely  distributed  among  these  and  related 
orange  colored  Pori f era. 
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INTRODUCTION 


Early  (2)  in  our  evaluation  of  marine  animala  aa  new  sources  of 
potentially  useful  anticancer  drugs,  good  leads  were  uncovered  among  the 
Porifera  and  this  Initial  (1966-68)  promise  is  now  being  amply  realized 
(3,4).  In  197$  in  Palau  we  collected  a  Hymeniactdon  species  (at  -40m)  and  an 
Axinella  ap.  that  provided  extracts  with  confirmed  levels  of  activity 
against  the  U.  S.  National  Cancer  Institute's  (NCI)  murine  P388  lymphocytic 
leukemia  (PS  system).  Other  PS  active  sponge  collections  were  completed 
in  1981  (Papua  New  Culnea)  and  1985  (Truk,  Federated  States  of  Micronesia) 
that  Included  Axinella  carterl  (Dendy)  and  a  Hymeniactdon  species. 

Initial  extracts  of  each  sponge  were  found  to  provide  a  confirmed  level 
of  activity  against  the  PS  system.  By  means  of  PS  (ij\  vitro) 
bloaaaay  guided  separation  procedures,  these  sponge  species  led  to  two 
cytostatic  and  antlneoplastic  alkaloids  (la,b)  accompanied  in  the  case  of 
Axinella  sp.  by  a  closely  related,  but  marginally  (PS  ED50  18  pg/ml)  inactive 
component  (2).  The  PS  active  marine  alkaloids  proved  to  be  identical^  with 
the  known  (5,6,7)  hymenlaldisine  (lb,  ref.  6,  PS  ED50  2.0  pg/ml  and  T/C  138 
at  3.6  mg/kg)5  and  ita  debromo-derivative  la  (Ref.  5,6,7  PS  ED50  2.5  pg/ml  and 
T/C  143  at  3.6  mg/kg). 

The  unequivocal  x-ray  crystal  structure  of  hymenlaldisine  was  nicely 
established  by  Clmlno  and  colleagues  (5)  and  reconfirmed  in  the  following 
year  by  the  Kitagawa  group  (6).  In  turn  these  advances  simplified 

*ly  comparison  with  authentic  specimens  provided  by  Dr.  I.  Kitagawa  (see 
Ref.  6). 

^Interestingly,  hymenlaldisine  was  previously  active  in  the  KB  cell  line, 
but  inactive  employing  the  P388  leukemia  1  Cf.  Ref.  5.  Perhaps  the  initial 
negative  results  were  due  to  the  sparingly  soluble  properties  of  chis 
pyrrologuenldlne . 
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characterization  of  Che  companion  substance  from  Axlnella  sp. ,  herein  named 
axinohydantoin  (2)  as  a  closely  related  compound.  But  establishing  the  exact 
geometrical  configuration  for  itr  hydantoin-lactam  sp2  bond  required  the 

i 

following  crystal  structure  determination. 

Axinohydantoin  (2)  crystallized  as  yellow  prisms  from  MeOH  that 

corresponded  to  CliHqBr^l^  (by  hreime)  and  with  one  mole  of  MeOH  by  cell 

(space  group  C2/c)  density  measurements.  A  total  of  2446  reflections  were 

found  usable  for  crystal  structure  determination.  The  problem  was  solved 

using  MULTAN(8)  and  refined  to  R  ■  0.054  using  anisotropic  temperacure  factora 

for  Br  and  oxygens  other  than  0-3,  isotropic  temperature  factors  for  the  other 

non-hydrogens,  and  hydrogens  (unrefined)  in  calculated  positions.  The  HN-1, 

0 

HM-11,  and  HN-9  hydrogen  bonds  were  calculated  to  be  0.95  A  along  a  line  to 
the  respective  oxygen.  These  positions  differed  very  little  from  those 
calculated  assuming  bonding  to  trigonal  atoms.  The  HN-4  has  been  shown  at  the 

O 

calculated  position  assuming  a  trigonal  N-4  which  is  too  far  (2.4  A)  from  the 
closest  0-10  for  significant  hydrogen  bonding!  it  may  actually  bend  somewhat 
toward  this  0-10. 

The  structure  deduced  for  axinohydantoin  (2,  Pig  1)  was  found  to  be 

closely  related  to  that  of  hymenlaldlslne  (lb)  with  reversal  of  configuration 

at  the  C7-C8  double  bond  being  the  most  interesting  difference.  In  turn, 

this  suggested  that  axinohydantoin  was  not  simply  a  hydrolysis  product  of 

guanidine  lb.  The  most  prominent  bond  length  difference  between  the  two 

•  * 

structures  occurs  at  C10-010  with  1.23  A  in  hydantoin  2  compared  to  1.33  A  for 
Cll-Nll  in  lb.  No  significant  differences  in  bond  angles  were  observed.  An 
angle  of  36°  was  observed  between  the  least  squsres  planes  of  the  two  nearly 
planar  f ive-membered  rings  in  hydantoin  2,  compared  to  43.8°  in  guanidine  lb. 

In  both  cases,  the  seven-membered  ring  has  adopted  a  boat  conformation  with  C- 
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5  at  Che  prow,  and  similar  torsion  angle*  except  for  C2-C3-N4-C5  expanding 
from  -10.5°  In  lb  to  -15°  in  2,  and  C2-C13-C7-C6  contracting  from  41.1°  In  lb 
to  31°  In  2.  The  twist  angle  C13-C7-C8-C12  about  the  carbon-carbon  double 
bond  increaaea  from  0.5°  in  lb  to  10°  in  2,  presumably  to  relieve  the  steric 
Interaction  between  0-12  and  HC-14. 

The  arrangement  of  intermolecular  hydrogen  bond*  governing  the  packing 
In  hydantoin  2  (See  Supplementary  Material)  was  found  to  be  completely 
different  than  that  in  guanidine  lb  (6).  The  hydantoin  ring  in  each  molecule 
was  found  linked  to  the  hydantoin  rings  of  two  other  molecules  via  base- 
pairing  interactions  across  centers  of  symmetry.  The  pyrrole  NH  proved  to 
hydrogen  bonded  to  the  MeOH  solvate  oxygen  and  in  turn  to  0-3.  Only  a  few 
substances  (9-12)  with  a  hydantoin  system  have  been  Isolated  from  sponges, 
and  one  of  these,  mldpacamide,  found  by  Scheuer  and  colleagues  (9)  In  an 
unidentified  Marshall  Island  sponge  may  be  blogenetlcally  related  to 
axinohydantoln.  From  evidence  now  in  hand,  pyrroles  1  and  2  and  related 
substances  may  prove  to  be  ubiquitous  Porlfera  biosynthetic  products. 


EXPERIMENTAL 


Ceneral  Methods . -Marine  sponge  taxonomic  identification  was  performed  in 
the  Smithsonian  Institution  where  voucher  specimens  are  deposited  in  the 
collections  of  the  Department  of  Invertebrate  Zoology,  National  Museum  of 
Natural  History.  All  solvents  employed  were  redistilled.  Size  exclusion 
chromatography  was  accomplished  with  Sephadex  LH-20  (Particle  sizei 
25-100  um)  supplied  by  Pharmacia  Fine  Chemicals,  Uppsala  Sweden.  Thin-layer 
chromatography  was  carried  out  with  silica  gel  CHLF  Unlplates  (Analtech  Inc.) 
and  with  RP-8  precoated  plates  (layer  thlcknesai  0.25  mm)  from  E.  Merck, 
Darmstadt,  Cermany.  High-speed  countercurrent  chromatography  was  accomplished 
with  an  Ito  Multilayer  Coil  Extractor-Separator  (P.C.  Inc.,  Potomac,  MD)  using 
2.6  mm  I.D.  tubing,  and  a  FMI  Lab  Pump. 

Melting  points  are  uncorrected  and  were  determined  on  a  Kofler-type  hot- 
stage  apparatus.  Ultraviolet  spectra  were  recorded  employing  a  Hewlett- 
Packard  Model  8450A  uv/vis  spectrophotometer  and  ir  spectra  with  a  Nicolet  ft- 
ir  Model  MX-1  Instrument.  Nmr  spectra  were  measured  in  DMSO-dg  using  a  Bruker 
AM-400  instrument  and  are  recorded  in  ppm  dovnfleld  to  TMS  (assignments 
bearing  the  same  superscript  may  be  reversed).  The  ^C  nmr  multiplicities 
were  determined  with  APT  experiments  based  on  an  average  coupling  constant  of 
135  Hz.  Elms  spectra  were  recorded  with  a  Kratoo  AEI  5076  spectrometer  at  the 
NSF  Regional  Facility,  University  of  Nebraska,  Lincoln,  Nebraska. 

Palau  Porlfera  (Axlnella  sp .  and  Hymenlacldon  ap . )  and  Extraction .  The 
initial  collection  of  Axlnella  sp.  (Demospongiae  class,  Axlneillda  order, 
Axlnellldae  family)  in  Palau,  Western  Caroline  Islands  was  conducted  in  May, 
1979.  The  sponge  displayed  a  brownish-yellow  exterior  of  Irregular  mass. 

A  2-propanol-CHCl3  extract  gave  confirmatory  ^n  vivo  activity  with  PS  T/C  201 
at  100  mg/kg,  PS  ED50  "  pg/ml.  A  scale-up  recollection  (220  kg  wet  wt)  of 
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Chit  sponge  waa  completed  In  March,  1985  and  preserved  in  2-propanol.  The 
preserving  solution  was  separated  from  the  sponge,  concentrated  to  an  aqueous 
slurry  and  extracted  with  CH2CI2  (13).  The  remaining  sponge  material  was  re¬ 
extracted  with  2-propanol-CH2Cl2  (1<1)(  the  extract  was  separated,  solvent 
removed  and  the  residue  partitioned  between  CH2CI2-H2O.  At  this  early  stage  a 
solid  precipitate  appeared  at  the  CK2CI2-H2O  interface.  The  precipitate  was 
separated  and  amounted  to  1.8  kg  (PS  T/C  227  at  294  mg/kg,  ED50  2.8  pg/ml). 
Analogous  solid  fractions  were  also  obtained  at  this  Initial  CH2CI2  step  during 
separations  of  the  sponge  extracts  summarized  below. 

The  orange  sponge  Hymeniacldon  sp.  (Demosponglae  class,  Hallchondrlda 
order,  Hymeniacidonidae  family)  was  collected  (1979),  recollected  (1985)  (218 
kg  wet  wt.)  and  extracted  (2-propanol  extract  showed  PS  T/C  130  at  5.5  mg/kg 
end  ED50  27  pg/ml)  as  summarized  above.  Removal  of  solvent  from  the  initial 
2-propanol  extract  led  to  an  aqueous  concentrate  that  contained  1.2  kg  of  a 
solid  fraction  with  PS  ED50  3.7  pg/ml. 

Isolation  of  Hymenialdlslne  ( lb)  and  Axinohydantoin  (2) .  A  10  g  aliquot 
from  the  1.8  kg  of  solid  precipitate  noted  above  was  dissolved  in  CH3OH  (400 
ml)  and  separated  by  size  exclusion  chromatgraphy  on  a  column  of  Sephadex  LH- 
20  (100  x  10  cm)  to  yield  two  major  alkaloid  fractions.  When  fraction  1  (elution 
volumei  12.0  -  12.6  liters)  was  allowed  to  stand  for  24  h  at  room  cemperature, 
axinohydantoin  (2)  slowly  crystallized  as  yellow  needles  (30  mg)i  mp >  350°i 
tic  on  silica  gel  Rf  -  0.83,  1-BuOH-AcOH  501  (95»5),  tic  on  RP-8  Rf  • 

0.51,  CHjOH^-AcOH  51  (1«1);  uv  (CH3OH)  X  MX  264sh  (log  e  ■  3.88),  345  (log  c  - 
4.16)  nm;  lr  (Or)  1740,  1702,  1638,  1480,  1425,  1407  cm-1,  ^  nmr  (DMSO- 

d$)  «  2.67  (2H,  m,  H-6),  3.22  (2H,  m,  H-5),  6.66  (1H,  s,  H-14),  7.89  (1H,  t, 

UN-4) ,  9.83,  10.91  (2x  1H,  s,  HN-9,  HN-11) ,  12.35  (1H,  a,  HN-1);  13C  nmr 
(DHSO-dg)  6  36.2  (t,  C-6),  38. 5  (t,  C-5),  101.6  (s,  C-15),  113.9  (d,  C-14), 
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120.0  (s,  C-13),  121.2  (s,  07),  125.5  (s,  02),  126.5  (s,  08),  153.8  (a, 
C-10),  162.7  (a,  C-3),  163.3  (s,  Ol2)j  hrelms  m/z  325.9842  and  323.9834 
(CnH9N403Br  requires  325.9836). 

Fraction  2  (elution  volumes  12.9  *  13.5  liters)  yielded  a  crystalline 
precipitate  (100  mg)  which  was  identified  as  hymenialdislne  (lb)  by  comparison 
(uv,  ir,  lH  nmr,  elms)  with  an  authentic  sample  (4). 

Truk  Pori fera  (Axine 11a  carterl )  Collection  and  Extraction . ~ In  May  1985, 
approximately  1  kg  of  an  orange-yellow  sponge  subsequently  identified  as 
Axinella  carter!  (Dendy),  was  collected  in  the  Truk  Lagoon,  Federated  States  of 
Micronesia,  at  -13  to  -24  m.  The  preserving  solution  (2-propanol)  was  removed 
and  this  extract  proved  toxic  down  to  50  mg/kg  against  the  PS  leukemia.  The 
2-propanol  extract  was  partitioned  between  CH2CI2  end  H2O  and  the  resulting 
CH2CI2  extract  was  successively  partitioned  (13)  between  9 1 1  -  4s 1  -  1*1 
Me0H*H20  with  hexane  -  CCI4  -  CH2Cl2-  The  final  CH2C12  extract  Bhowed  PS  T/C 
135  at  100  mg/kg  and  PS  cell  line  ED50  1.2  pg/ml. 

In  October  1985,  approximately  148  kg  (wet  wt)  of  the  sponge  was 
recollected  and  preserved  in  MeOH.  The  MeOH  solution  was  decanted,  and  the 
sponge  was  ground  and  extracted  with  MeOHiCll2Cl2  (1:1).  The  original  MeOH 
solution  was  concentrated  to  an  aqueous  phase  and  extracted  with  CH2CI2  (3x) 
followed  by  1-BuOH.  Study  of  this  1-BuOH  fraction  was  discontinued  when  PS 
results  showed  minimal  activity. 

When  the  ambient  temperature  extraction  of  the  sponge  with  MeOH:CH2Cl2 
was  completed,  the  aq.  MeOH  phase  was  separated  and  concentrated  to  an  aqueous 
phase  which  was  extracted  with  1-BuOH  (15  liters).  The  1-BuOH  phase  was 
concentrated,  redissolved  in  MeOH  (1.5  liters)  and  dried  to  give  a  232  g 
fraction  (PS  ED50  -1.4  pg/ml).  A  97  g  aliquot  of  the  MeOH  soluble  fraction 
was  created  with  1-BuOH  (800  ml,  50°C,  12  hr)  and  the  relatively  insoluble 
part  (50  g,  PS  ED50  »  1.5  pg/ml)  was  collected.  The  MeOH  (600  ml)  sparingly 
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soluble  portion  weighed  4.26  g  (PS  ED5Q  ■  0.1).  yg/ml). 

Papua  New  Guinea  Porlfera  (Hytnenlacldon  tp. )  Collection  and  Extraction. - 
The  collection  (May  1981,  near  Motapure  Island,  Papua  New  Cuinea)  and 
recollection  (October  1983,  44  kg  wet  wt)  of  an. orange  Hymenlactdon  ap.  as 
well  as  the  large  scale  extraction  (crude  extract  PS  T/C  136  at  100  mg/kg  and 
ED50  24  pg/ml)  and  solvent  partitioning  was  performed  as  Just  described  above 
for  A^  carter! .  In  this  case  when  the  934  g  initial  CH2CI2  fraction  was 
subjected  to  further  separation  by  the  MeOH-^O  with  hexane  CCI4  **  CH2CI2 
sequence  a  total  of  135  g  (PS  ED50  14  Mg/ml)  of  a  solid  interfacial  fraction 
was  collected  and  used  to  Isolate  hymenisaldisines  la  and  lb. 

Isolation  of  Hymen la Id i sines  la  and  lb.  -  Procedure  A.  An  aliquot  (250  ml) 
of  the  preceding  Axlnel la  carter!  MeOH  (600  ml)  solution  was  applied  to  a 
column  of  Sephadex  LH-20  (1.9  kg  in  MeOH).  A  total  of  460  fractions  of  20  ml 
each  were  collected  and  a  fraction  weighing  0.73  g  (PS  ED50  2.2  ug/ml)  was 
further  separated  using  high  speed  countercurrent  distribution  with  an  Ico 
coll.  A  50  mg  aliquot  was  applied  (6  ml)  in  l-Bu0H:HOAc:H2O  (4:1:5)  to  the 
coil  with  the  1-BuOH  phase  as  stationary  (upper)  and  the  aqueous  part  as 
mobile  (lower)  phase.  Fractions  (120)  of  6.5  ml  each  were  collected; 
fractionation  was  monitored  with  UV  detection  (254  nm) .  The  fractions  were 
neutralized  (pH  7)  with  aq  NaOH  and  refrigerated.  Debromohymenialdlaine  la, 

9  mg,  PS  ED50  •  3.0  pg/ml,  crystallized  from  fractions  28-33  and  was 
identical  (TLC ,  MS,  NMR)  with  an  authentic  sample  (6). 

The  MeOH  less  soluble  fraction  (4.26  g)  described  above  was  extracted 
with  MeOH  (5  x  25  ml)  at  40°C  and  the  solution  filtered  to  give  3.73  g  of 
residue.  A  0.90  g  portion  was  triturated  with  DMSO  (10  ml).  The  soluble 
portion  (0.25  g)  was  chromatographed  on  a  column  of  Sephadex  LH-20  in  MeOH  to 
provide  0.13  g  of  hymenialdislne  (lb)  as  yellow  crystals  (PS  ED50  •  0.62 


9 


ug/ml)  identical  (tic  and  ns  comparisons)  with  an  authentic  sample  (6). 

Procedure  B.-The  1.2  kg  fraction  (see  above)  from  the  Palau  Hymeniacldon 
PP<  ***•  further  separated  by  successive  soxhlet  extraction  (20  g  aliquot) 
with  CH2CI2  (6x5  liters).  EtOH  (6x5  liters)  and  1-BuOH  (6x5  liters)  to  give 
respectively  35  g  (PS  ED50  -  26  pg/ml),  500  g  (PS  ED50  8.6  pg/mi)  and  106  g  (PS 
ED50  ■  2.6  pg/ml)  fractions.  A  10  g  sample  of  the  1-BuOH  fraction  in  MeOH  was 
subjected  to  chromatography  on  a  column  of  Sephadex  LH-20  (500  g)  to  give  26 
Individual  (by  tic  comparisons)  fractions  using  4:1  CH2Cl2-MeOH.  Of  these,  56 
mg  proved  to  be  largely  debromohymenialdesine  la  (PS  ED50  1.4  pg/ml)  and 
hymenialdesine  (5.5  mg,  lb,  PS  ED5Q  7.5  pg/ml)  by  comparison  nmr  and  tic. 

Procedure  C.-The  135  g  fraction  from  the  Papua  New  Cuinea  Hymeniacldon 
sp.  was  extracted  (Soxhlet  procedure  with  two  stainless  steel  1-gallon 
extractors)  with  EtOH  to  yield  a  22  g  alcohol  soluble  fraction.  Treatment  of 
this  fraction  with  CH2Cl2_CH30H  (1:1)  yielded  a  precipitate  (4.3  g,  PS  ED50 

8.5  pg/ml)  which  was  extracted  with  hot  1-BuOH.  The  1.5  g  1-BuOH  soluble 
fraction  was  preabaorbed  onto  silica  gel  and  separated  by  chromatography  on  a 
column  (3  x  62  cm)  of  silica  gel  (180  g).  Cradlent  elution  with  95:5  CH2CI2- 
CH3OH  with  Increments  of  MeOH  provided  fractions  that  yielded  (0.17  g  and 

0.06  g  respectively)  debromohymenlaldlslne  (la,  PS  T/C  143  at  3.6  mg/kg  and  ED50 

2.5  pg/ml)  and  hymenialdislne  (lb,  PS  T/C  138  at  3.6  mg/kg  and  ED50  2.7 
Mg/®1).  Both  la  and  lb  were  identified  by  direct  comparison  with  authentic 
samples  (6)  employing  tic,  and  ^H-nmr,  ms,  uv  and  ir  spectral  data. 
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TABLE  1 


X-ray  Crystal  Structura  Determination  of  Axlnohydantoln  (2) 


Crystal  Data 

C. .  ILBfN.Oj»CH  ,0H 
F.W.  347.17 
F(OOO)  -a  1440 

crystal  dimensions:  0.17  x  0.13  x  0.00  mat 
peak  ufjdth  at  balf-hsif  ht  —  0.21  * 

Nb  filtered  Mo  Ko  radiation  (X  ■■  0.71073  A) 
temperature  23  *  *1 
maaociiaic  space  group  C2/c 

a  “  10431  (2)  A  b-  7405(1)  A  e-  19.092  (3)  A 
103.71  (Jj* 

V-  2754.3  A* 

2  -  I 

/(calc)  —  1.72  i/cat1 
29.7  cm*1 


Intensity  Measurement^ 

Instrument:  Nicolcl  P2, 

Stan  type;  24/# 

Scan  rate:  1.4^0.0*/mia 

Scan  range,  deg:  2.0  +  (2#^  -2#^  ) 

Maximum  2#:  50.0*  '• 

No.  of  refl.  measured:  2014  total,  2440  unique 
Corrections:  Loren  ts-polariiation 

Reflection  averaging  (agreement  on  J  ■■  2.G9o) 
Numerical  absorption  (from  07.41  to  75.48  on  I) 


Structure  Solution  and  Refinement. 

Solution:  Direct  methods 

Minimisation  function:  Ew(JFo(-  |Fc5* 
Least-squares  weights:  4  F©7**(  Fo*) 

Anomalous  dlspcrsioa:  All  non-hydrogen  atoms 
Reflections  included:  830  with  Fo*>3.0o(  Fo1) 
Parameters  refined:  105 
Unweighted  agreement  factor:  0.053 
Weighted  agreement  factor:  0.055 
Esd  of  obs.  of  unit  weight:  1.29 
Convergence,  largest  shift:  0.02  3 

High  peak  ia  dnaJ  dill,  map:  0.42  (10)  c/A 
Computer  hardware:  PDP-11 
Computer  software:  SDP-PLUS  (Enraf-Nonius) 
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SUPPLEMENTARY  MATERIAL 


ORTEP  attreovlew  of  a  unit  coll  of  2  with  a  vertical. 
Hydrogen  Sonde  are  ihown  aa  dashed  linca. 


